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SUMMARY 
The major objective of this study was to draft a model urban drain­
age ordinance based on the problems, ordinances, and experiences of urban 
areas. In addition the use of technical information in drainage and 
erosion control ordinances was investigated, the use of hydrologic com­
puter simulation in an urban drainage program was documented, and the 
objectives and problems associated with achieving those objectives 
through existing urban drainage programs were discussed. 
This study deals with the interaction between the technical and the 
nontechnical aspects of practical drainage problems. Scientific princi­
ples and documented experiences do not always provide an adequate basis 
foil dealing with these problems. Consequently, personal opinion, politi­
cal pressure, expediency, past precedents, etc., are sometimes the domi­
nant forces behind those actions that are adopted. A literature review, 
conducted as part of this study, indicated that there has been very lit­
tle documentation from which to evaluate the effectiveness of urban drain­
age ordinances and programs. Some governmental agencies have written 
model drainage regulations, but little or no research has been done to 
determine the effectiveness of these ordinances or the problems in ad­
ministering them. Thus, the direction taken in this study was to ag­
gregate the experiences of several urban areas to provide as general as 
possible an information base for formulating a model ordinance. 
Initial contacts were made with over 30 cities and counties through­
out the United States to determine which areas had relevant experience 
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in dealing with urban drainage problems, whether they would be interested 
in participating in this study, and whether they felt they could benefit 
from the results of such a study. From these contacts the following com­
munities were selected: Atlanta Metropolitan Area (City of Atlanta, 
DeKalb, Fulton, and Clayton Counties); Chicago, Illinois (Chicago Sani-
tary District); Fairfax County, Virginia; Ingham County, Michigan; and 
Tampa, Florida. 
The drainage program in each of these communities was intensively 
studied through a review of all available publications, interviews with 
and a review of the files of the personnel involved in the local drain­
age program (both from within and outside the governmental structure), 
review of the local ordinances, and any other available documentation on 
the drainage program. This information was compiled into written case 
studies which were reviewed by several persons from each community to 
validate the accuracy of the material presented. These case studies 
then served as the data base for the model ordinance proposed in the 
thesis. 
Accompanying the proposed model ordinance, commentaries document 
why each provision of the ordinance is included and how the model ordi­
nance relates to the ordinances and drainage programs from the communities 
studied. It is intended that this model ordinance will serve as a guide 
to aid in the drafting of drainage ordinances for specific areas, and not 
be adopted verbatim without prior review of conditions affecting local 
applicability. The results of this study should be useful not only in 
the communities that were studied but in any urban or urbanizing area 
that is formulating or revising a drainage program. 
CHAPTER I 
INTRODUCTION 
Erosion, sediment control, hydrologic and hydraulic studies, flood 
plains - these and other terms related to drainage are receiving sub­
stantial public attention in many urban areas throughout the country. 
Advances through research and experience are allowing engineers to be­
come more sophisticated in their approach to urban drainage problems. 
At the same time, preliminary investigations in the Atlanta Metropolitan 
Area indicated that storm water management practices and drainage or­
dinances are taking little advantage of recent advances in urban drain­
age theory and the practices employed in communities with experience in 
urban drainage. 
In order to take an in-depth look into the problems of urban drain­
age and drainage ordinances, a study of the drainage programs of several 
urban areas was undertaken. The results of this study are reported here­
in. The tasks involved in this study were as follows: 
1. Select and study jurisdictions which have made a significant 
contribution to some aspect of urban drainage. 
2. Develop a model urban drainage ordinance from the following 
data base: 
a) information obtained from interviews with persons in­
volved in the drainage program of the areas selected, 
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b) information obtained from the personal and public f i l e s 
of the persons interviewed, 
c) information gained from l i t e r a t u r e concerning the drain­
age programs under study, 
d) general information from l i t e r a t u r e pertaining to urban 
drainage and drainage Ordinances. 
3. Outline and discuss a recent research project in DeKalb County 
Georgia, dealing with hydrologic computer simulation and r e ­
l a t e t h i s work to the urban drainage ordinance presented in 
t h i s t h e s i s . 
In formulating t h i s study i t was assumed that the experiences , or ­
dinances, and procedures of several urban areas could be used to docu­
ment successes and/or f a i l u r e s of ex i s t ing ordinances to f u l f i l l their 
intended purposes and of d i f f i c u l t i e s in ordinance administration. Also 
the l e s sons learned from these experiences could be used as the bas is 
for the formulation of an urban drainage ordinance that could be adopted 
by both urban and urbanizing areas. 
The r e s u l t s of t h i s study should be useful not only in the areas 
that were studied but In any urban or urbanizing area that i s formulating 
or rev i s ing a drainage program. It i s hoped that the experiences of the 
areas studied can be used by others to guide their development of an 
e f f e c t i v e drainage program. 
Development of the Study 
The study was started in the f a l l of 1972. I n i t i a l contacts were 
made with engineering personnel from the c i t y and county governments 
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w i t h i n t he A t l a n t a M e t r o p o l i t a n A r e a . From' these--, c o n t a c t s ' , i t was d e t e r ­
mined ..'that, a s t u d y d i r e c t e d p r i m a r i l y a t the f o r m u l a t i o n o f an urban 
d r a i n a g e o r d i n a n c e was needed , w a n t e d , and would be r e l e v a n t t o t h e 
d r a i n a g e p rob lems o f urban a r e a s . In t he A t l a n t a M e t r o p o l i t a n A r e a , t he 
C i t y o f A t l a n t a , D e K a l b , F u l t o n , and C l a y t o n C o u n t i e s , and t h e Home B u i l d ­
e r s A s s o c i a t i o n o f M e t r o p o l i t a n A t l a n t a , a g r e e d to p a r t i c i p a t e and p a r ­
t i a l l y fund the s t u d y . 
The n e x t s t e p i n t h e s t u d y was t o c o n t a c t o f f i c i a l s i n o v e r t h i r ­
t y c i t i e s and c o u n t i e s t h r o u g h o u t t h e U n i t e d S t a t e s t o d e t e r m i n e w h i c h 
a r e a s had r e l e v a n t e x p e r i e n c e i n d e a l i n g w i t h u rban d r a i n a g e p r o b l e m s , 
w h e t h e r t h e y would be i n t e r e s t e d i n p a r t i c i p a t i n g i n t h i s s t u d y , and 
whe the r t h e y f e l t t h e y c o u l d b e n e f i t from the r e s u l t s o f such a s t u d y . 
From t h e s e c o n t a c t s , o f f i c i a l s i n t w e l v e c i t i e s and c o u n t i e s a g r e e d to 
p a r t i c i p a t e but s e v e r a l had l i t t l e e x p e r i e n c e i n u rban d r a i n a g e o r were 
j u s t b e g i n n i n g to f o r m u l a t e t h e i r d r a i n a g e p r o g r a m s . In t h e end , t h e 
f o l l o w i n g a r e a s were s e l e c t e d and a g r e e d t o p a r t i c i p a t e and augment t h e 
s t u d i e s i n t h e A t l a n t a . M e t r o p o l i t a n A r e a : C h i c a g o , I l l i n o i s ; Tampa, 
F l o r i d a ; F a i r f a x C o u n t y , V i r g i n i a ; and Ingham C o u n t y , M i c h i g a n . 
F o l l o w i n g i s a b r i e f e x p l a n a t i o n o f why each o f t h e s e a r e a s was 
s e l e c t e d : 
1. C h i c a g o , I l l i n o i s ( C h i c a g o S a n i t a r y D i s t r i c t ) - The C h i c a g o 
S a n i t a r y D i s t r i c t has had e x t e n s i v e i n v o l v e m e n t i n a l m o s t 
e v e r y phase o f u rban d r a i n a g e i n c l u d i n g computer s i m u l a t i o n , 
d r a i n a g e o r d i n a n c e s , f l o o d p l a i n r e g u l a t i o n s and o t h e r t e c h ­
n i c a l a s p e c t s o f u rban d r a i n a g e . 
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2. Tampa, F l o r i d a - Tampa has r e c e n t l y done some i n n o v a t i v e 
work p e r t a i n i n g to c e n t r a l i z e d d e t e n t i o n s t o r a g e f a c i l i t i e s 
f o r f l o o d c o n t r o l . 
3. F a i r f a x C o u n t y , V i r g i n i a - F a i r f a x County has an e l a b o r a t e 
e r o s i o n and sed iment c o n t r o l program w h i c h has been a c t i v e 
f o r many y e a r s . The County i s a l s o i n v o l v e d i n an e x t e n -
s i v e computer s i m u l a t i o n program w h i c h i s o f i n t e r e s t i n 
t h i s s t u d y . 
4 . Ingham C o u n t y , M i c h i g a n - A t t h e t ime of t h i s s t u d y , a com­
p u t e r s i m u l a t i o n program d e a l i n g w i t h f l o o d and d r a i n a g e 
p rob lems t h r o u g h o u t t h e County was b e i n g d e v e l o p e d . Ingham 
County a l s o had a d r a i n a g e o r d i n a n c e w h i c h i n c l u d e d many a s ­
p e c t s no t found i n t h e o t h e r o r d i n a n c e s s t u d i e d . 
5 . A t l a n t a M e t r o p o l i t a n A r e a - The A t l a n t a M e t r o p o l i t a n A r e a 
was s e l e c t e d b e c a u s e o f t h e l o c a l i n t e r e s t i n urban d r a i n ­
age and f l o o d i n g p r o b l e m s . The A t l a n t a Area a l s o r e p r e ­
s e n t e d urban gove rnmen t s t h a t were j u s t b e g i n n i n g t o f o r -
m u l a t e d r a i n a g e o r d i n a n c e s and programs i n c o n t r a s t to 
s e v e r a l o f the o t h e r a r e a s s t u d i e d w h i c h had been d e a l i n g 
w i t h t h e s e s u b j e c t s f o r many y e a r s . 
I n t e r v i e w t r i p s we re t hen a r r a n g e d to t h e s e c i t i e s and c o u n t i e s . 
A p p r o x i m a t e l y one week was spen t i n each a r e a i n t e r v i e w i n g p u b l i c o f ­
f i c i a l s , e n g i n e e r i n g and p l a n n i n g p e r s o n n e l , e n g i n e e r i n g c o n s u l t a n t s , 
and o t h e r p e r s o n s i n t e r e s t e d i n urban d r a i n a g e . A f t e r e ach o f t h e s e 
t r i p s t he i n f o r m a t i o n o b t a i n e d from t h e p e r s o n a l i n t e r v i e w s and w h a t e v e r 
l i t e r a t u r e o r documents we re a v a i l a b l e was c o m p i l e d i n t o c a s e s t u d i e s . 
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Thus , t h e c a s e s t u d i e s c o n t a i n a g r e a t d e a l o f i n f o r m a t i o n abou t t h e 
d i f f e r e n t d r a i n a g e programs and p rob lems e n c o u n t e r e d i n a d m i n i s t e r i n g 
them. Some o f t h i s i n f o r m a t i o n w i l l be used t o document t h e m a t e r i a l 
c o n t a i n e d i n t he n e x t f i v e c h a p t e r s o f t h i s t h e s i s . The p r i m a r y f u n c ­
t i o n of t h e c a s e s t u d i e s i s t o p r e s e n t i n f o r m a t i o n abou t t h e d r a i n ­
age programs s t u d i e d , a s r e l a t e d by t he i n d i v i d u a l s i n t e r v i e w e d . 
A l l o f t h e c a s e s t u d i e s were s e n t b a c k t o t h e c i t i e s o r c o u n t i e s 
f o r t h e i r r e v i e w and comment. C o p i e s of t h e c a s e s t u d i e s w e r e s e n t f o r 
e v a l u a t i o n and comment t o t h e o f f i c e s o f t h e Home B u i l d e r s A s s o c i a t i o n 
i n t h e a r e a s s t u d i e d . The c a s e s t u d i e s from t h e A t l a n t a M e t r o p o l i t a n 
A r e a w e re r e v i e w e d by p e r s o n n e l from t h e U . S . Army Corps o f E n g i n e e r s , 
C o n s u l t i n g E n g i n e e r s w o r k i n g on t h e A t l a n t a Urban S t u d y , and t h e A t l a n t a 
R e g i o n a l Commiss ion . Thus t h e a c c u r a c y o f t h e i n f o r m a t i o n p r e s e n t e d 
was v a l i d a t e d by h a v i n g p e r s o n s o u t s i d e t h e c i t y or c o u n t y s t r u c t u r e 
r ead and comment on t h e i n d i v i d u a l c a s e s t u d i e s . A copy o f each c a s e 
s t u d y i s i n c l u d e d i n t h e A p p e n d i c e s . 
D u r i n g t h i s same p e r i o d , a l i t e r a t u r e s e a r c h was c o n d u c t e d t o d e ­
t e r m i n e what a d v a n c e s i n t h e a r e a o f u rban d r a i n a g e ( s p e c i f i c a l l y h y d r o ­
l o g y ) c o u l d be a p p l i e d t o an u rban d r a i n a g e p rogram. 
With t h e l i t e r a t u r e s e a r c h and c a s e s t u d i e s a s background ma­
t e r i a l t h e main body o f t h i s t h e s i s was w r i t t e n . S i n c e t h e a u t h o r has 
been w o r k i n g a s a D r a i n a g e E n g i n e e r f o r Cobb C o u n t y , G e o r g i a ( a n o t h e r 
o f t h e A t l a n t a M e t r o p o l i t a n C o u n t i e s ) d u r i n g most o f t h e t ime t h a t t h i s 
r e s e a r c h was b e i n g c o n d u c t e d , h i s e x p e r i e n c e s w i t h t h i s County h a v e 
been c i t e d i n s e v e r a l s e c t i o n s o f t h i s t h e s i s . 
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Study Criteria 
This study deals with the technical and nontechnical aspects of 
practical drainage problems. Scientific principles and/or documentation 
of previous results are not always adequate as a basis for dealing with 
these problems. Personal opinion, political pressure, expediency, past 
precedents, etc., are sometimes the dominant forces behind adopted solu­
tions. A literature review, conducted as part of this study, indicated 
there has been very little documentation of urban drainage practices 
and ordinances. Several governmental agencies have written model regu­
lations for flood plains (similar to reference 25) but little or no r e ­
search has been done to determine the effectiveness of these ordinances 
or problems in administering them. 
The direction taken in this study is to use the experiences of 
several urban areas as an information base for formulating the different 
proposals contained herein. Thus the experiences of the persons inter­
viewed, including those of the author's committee, and their interpreta­
tions of and opinions on those experiences will be used as the main docu­
mentation for advancing these proposals. Following are some of the cri­
teria used to evaluate the significance and validity of the various 
opinions obtained in the interviews: 
1. The opinions given concerning different aspects of the drain­
age programs studied were compared to the following (when 
such information was available): 
a) number and severity of drainage complaints received from 
local citizens, 
b) e x t e n t o f d r a i n a g e p rob lems i n t he a r e a , 
c ) f l o o d damages a s r e l a t e d to t h e m a g n i t u d e o f h i s t o r i c 
s to rms i n t h e a r e a s s t u d i e d , 
d) p rob lems e n c o u n t e r e d i n t h e a d m i n i s t r a t i o n o f t h e d i f ­
f e r e n t a s p e c t s o f t h e p r o g r a m s . 
The c o n s i s t e n c y w i t h w h i c h d i f f e r e n t a s p e c t s o f t h e d r a i n a g e 
program were r e p o r t e d by t h e p e r s o n s i n t e r v i e w e d ( b o t h w i t h ­
i n and o u t s i d e t h e g o v e r n m e n t a l u n i t b e i n g s t u d i e d ) . 
When p o s s i b l e , t h e o p i n i o n s g i v e n i n t h e i n t e r v i e w s w e re com­
pared w i t h a v a i l a b l e d o c u m e n t a t i o n ( r e p o r t s , Corps o f En­
g i n e e r s S t u d i e s , U . S . G e o l o g i c a l Su rvey S t u d i e s , p l a n n i n g 
r e p o r t s and s t u d i e s , e t c . ) 
O p i n i o n s from many p e o p l e a s s o c i a t e d w i t h d i f f e r e n t a s p e c t s 
o f the d r a i n a g e program w e re o b t a i n e d and compared ; i n c l u d i n g 
e n g i n e e r s , c o u n t y and c i t y p e r s o n n e l , d e v e l o p e r s , p o l i t i c i a n s , 
e t c . 
F a c t o r s such a s t h e f o l l o w i n g : 
a ) How l o n g had t h e o r d i n a n c e or r e g u l a t i o n b e e n i n e f f e c t ? 
b) How o f t e n and what changes h a v e been made i n t h e o r ­
d i n a n c e or program? 
c ) The number and q u a l i t y o f p e r s o n n e l used i n t h e admin­
i s t r a t i o n o f t h e program ( q u a l i t y was r e l a t e d to e d u c a ­
t i o n , p r o f e s s i o n a l r e g i s t r a t i o n , and t h e a u t h o r ' s im­
p r e s s i o n from r e v i e w i n g s t u d i e s done by t h e i n d i v i d u a l s 
i n t e r v i e w e d ) . 
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d) How o f t e n had d i f f e r e n t a s p e c t s o f t h e d r a i n a g e program 
been used t o s o l v e o r a v o i d d r a i n a g e p rob l ems? 
Thus t h e b a s i s f o r t h e p r o p o s a l s and recommendat ions i n c l u d e d 
h e r e i n a r e the e x p e r i e n c e s o f t h e a r e a s s t u d i e d p l u s t h e a u t h o r ' s e x ­
p e r i e n c e . Throughout t h e t h e s i s t h e a u t h o r ha s made an e f f o r t t o 
c r e d i t s p e c i f i c r e g u l a t i o n s or p r o c e d u r e s used a s the b a s i s f o r t h e 
p roposed model u rban d r a i n a g e o r d i n a n c e . 
O r i g i n a l S tudy G o a l s 
An e a r l y s t e p i n s t r u c t u r i n g t h i s s t u d y was t o t r a n s l a t e t h e 
g e n e r a l o b j e c t i v e o f c o l l e c t i n g , e v a l u a t i n g , and o r g a n i z i n g i n f o r m a t i o n 
f o r u s e i n u p g r a d i n g u rban d r a i n a g e p r a c t i c e i n t o s p e c i f i c s t u d y g o a l s 
(which were l a t e r r e v i s e d ) . F o l l o w i n g i s a b r i e f d i s c u s s i o n o f t h e 
f o u r o r i g i n a l s t u d y g o a l s and how t h e y were changed a s t h e s t u d y p r o ­
g r e s s e d . 
D e v e l o p G u i d e l i n e s f o r D r a i n a g e and E r o s i o n C o n t r o l O r d i n a n c e s 
Soon a f t e r t h i s s t u d y was s t a r t e d and c o n t a c t s were made w i t h 
c i t y and c o u n t y p e r s o n n e l , i t became e v i d e n t a model o r d i n a n c e t h a t 
c o u l d be r e a d i l y adap ted t o f i t l o c a l c o n d i t i o n s would be more v a l u a b l e 
than broad g u i d e l i n e s . The p e o p l e i n t e r v i e w e d e x p r e s s e d t h e o p i n i o n 
t h a t an o r d i n a n c e w r i t t e n from an o b j e c t i v e p o s i t i o n o u t s i d e t h e i n ­
t e r n a l p r e s s u r e s o f t h e c o u n t y or c i t y would be most v a l u a b l e . Thus , 
t o make t h i s t h e s i s a s u s e f u l a s p o s s i b l e , g u i d e l i n e s w e r e d e v e l o p e d 
from t h e r e s u l t s o f t h e c a s e s t u d i e s and t h e n t h e s e g u i d e l i n e s were 
used to w r i t e t h e model u rban d r a i n a g e o r d i n a n c e and accompany ing com­
men ta ry p r e s e n t e d i n Chap t e r I V . 
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Determine the Objectives of Local Governments in Regards to Drainage, 
Erosion, and Flood Control 
Only two j u r i s d i c t i o n s studied had formulated writ ten objec t ives 
s p e c i f i c a l l y for drainage, eros ion, and flood contro l . Many of those 
interviewed had not even considered the formulation of objec t ives and 
in some j u r i s d i c t i o n s whatever objec t ives did e x i s t had evolved through 
the years In unwritten form. When the ordinances and other aspects of 
the d i f ferent drainage programs were formulated, there must have been 
some o b j e c t i v e s . For some reason these objec t ives were not written 
down and through the years were forgotten or interpreted d i f f e r e n t l y by 
the d i f f erent persons interviewed. Often people with d i f ferent i n ­
t e r e s t s w i l l agree on a cer ta in course of act ion to achieve a given r e ­
su l t but w i l l riot agree on the s p e c i f i c objec t ives or reasons for sup­
porting t h i s ac t ion . This could account for the d i f ferent interpreta­
t ions and lack of writ ten information on o b j e c t i v e s . 
In addit ion to stated o b j e c t i v e s , drainage programs and ordi ­
nances include many inherent or inferred o b j e c t i v e s . The author has 
attempted to document and use them in the subsequent d i scuss ions . 
Determine Adequacy of Exist ing Ordinances in Meeting these Objectives 
Since there was very l i t t l e r e l i a b l e data on objec t ives in most 
j u r i s d i c t i o n s , the adequacy of the ordinances in meeting these objec­
t i v e s could not be evaluated except in general terms. Several of the 
areas studied had recent ly adopted the ir Ordinance and thus have had 
l i t t l e experience in i t s appl icat ion and r e s u l t s . In the other areas 
there were no accurate records, such as the fo l lowing, which could have 
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been used to document the effectiveness of adoption and implementation 
of the ordinance: 
1. flood damages in quantitative terms before and/or after 
the adoption of the ordinance, 
2. accurate maintenance records to determine changes in 
quantity or severity of maintenance problems after the 
adoption of the ordinance, 
3. data to evaluate how the drainage system functioned during 
different storm events, 
4. extent of compliance with ordinance, 
5. hydrologic evaluation of ordinance, 
6. community satisfaction. 
Also hampering any evaluation of ordinance effectiveness was the 
fact that most drainage programs have been changed continually through 
the years with no accurate records to document changes. Thus, even if 
the above information had been available, it would have been difficult 
to correlate changes in drainage problems with specific changes in the 
drainage program. As a result much more approximate methods to evaluate 
ordinance adequacy and effectiveness had to be used than were antic­
ipated during the formulation of this study. Hard data had to be re­
placed by personal opinions, broad interpretation of available docu­
mentation, general reactions of the persons interviewed, inferred ob­
jectives and information, etc. 
Incorporate Technical Information in Drainage and Erosion Control Ordinances 
The use of technical information in drainage programs was ex­
plored in the interviews and literature search. The results of this 
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I N Q U I R Y W E R E U S E D AS T H E B A S I S FOR T H E D I S C U S S I O N S C O N C E R N I N G T H E F U N C ­
T I O N OF A FLOOD AND E R O S I O N C O N T R O L M A N U A L AND T H E U S E O F C O M P U T E R S I M U ­
L A T I O N I N A N O V E R A L L D R A I N A G E P R O G R A M . T H I S G O A L R E M A I N E D U N C H A N G E D A S 
T H E S T U D Y P R O G R E S S E D . 
F I N A L S T U D Y G O A L S 
A S A R E S U L T O F T H E E X P E R I E N C E S I N D I C A T E D A B O V E , T H E F O L L O W I N G 
A R E T H E F I N A L S T U D Y G O A L S . 
1. D E V E L O P A D R A I N A G E O R D I N A N C E B A S E D O N T H E E X P E R I E N C E O F 
T H E P E R S O N N E L W I T H I N T H E A R E A S S T U D I E D , E X I S T I N G O R D I N A N C E S , 
A U T H O R ' S personal experience, and C U R R E N T L I T E R A T U R E C O N C E R N ­
I N G U R B A N D R A I N A G E O R D I N A N C E S . V 
2. I N V E S T I G A T E T H E U S E O F T E C H N I C A L I N F O R M A T I O N I N D R A I N A G E A N D 
E R O S I O N C O N T R O L O R D I N A N C E S . 
3. D O C U M E N T T H E U S E O F C O M P U T E R S I M U L A T I O N I N T H E D E K A L B C O U N T Y 
D R A I N A G E P R O J E C T AND R E L A T E T H I S W O R K TO T H E D R A I N A G E O R D I ­
N A N C E F R O M S T U D Y G O A L (1) A B O V E . 
4. D I S C U S S I N G E N E R A L TERMS T H E O B J E C T I V E S A N D P R O B L E M S O F U R B A N 
D R A I N A G E P R O G R A M S . 
I N O R D E R TO P R E S E N T T H E L O G I C A L O R D E R O F H O W T H E S E S T U D Y G O A L S 
W E R E P U R S U E D , T H I S T H E S I S IS D I V I D E D INTO S I X C H A P T E R S . F O L L O W I N G I S 
A B R I E F O U T L I N E O F T H E M A I N C O N T E N T O F T H E S E C H A P T E R S . 
C H A P T E R I - I N T R O D U C T I O N 
C H A P T E R I I - H Y D R O L O G I C C O M P U T E R S I M U L A T I O N I N D E K A L B C O U N T Y -
T H E A N A L Y S I S O F U R B A N D R A I N A G E P R O B L E M S I S B E C O M I N G M O R E C O M P L E X 
AND B E Y O N D T H E S C O P E O F T H O S E H Y D R O L O G I C T E C H N I Q U E S W H I C H H A V E 
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become s t a n d a r d p r a c t i c e i n most u rban a r e a s . H y d r o l o g i c 
computer s i m u l a t i o n o f f e r s one means of d e a l i n g w i t h t h e s e com­
p l e x p r o b l e m s . Chap t e r I I documents t h e u s e o f h y d r o l o g i c com­
p u t e r s i m u l a t i o n i n DeKalb C o u n t y , G e o r g i a . S i n c e many o f t h e 
recommendat ions i n c l u d e d i n s u b s e q u e n t c h a p t e r s r e f e r to t h e 
u s e o f h y d r o l o g i c computer s i m u l a t i o n , i t i s n e c e s s a r y f o r t h e 
r e a d e r t o become f a m i l i a r w i t h t h e g e n e r a l c o n c e p t s i n v o l v e d . 
C h a p t e r I I I - D r a f t i n g a D r a i n a g e O r d i n a n c e - T h i s c h a p t e r 
b u i l d s on t h e i n f o r m a t i o n on a v a i l a b l e h y d r o l o g i c t e c h n i q u e s 
t o d i s c u s s some o f t h e g e n e r a l c o n s i d e r a t i o n s t h a t a community 
shou ld c o n s i d e r b e f o r e t h e y d r a f t d r a i n a g e r e g u l a t i o n s . 
Chap t e r IV - An Urban D r a i n a g e O r d i n a n c e - N i n e t e e n p r o v i s i o n s 
o f a model u rban d r a i n a g e o r d i n a n c e a r e o u t l i n e d and d i s c u s s e d 
i n t h i s c h a p t e r . The d i s c u s s i o n s i n c l u d e why t h e s e p r o v i s i o n s 
s h o u l d be i n c l u d e d and how t h e y r e l a t e t o t h e d i f f e r e n t o r ­
d i n a n c e s of t h e j u r i s d i c t i o n s s t u d i e d . 
Chap te r V - F o r m u l a t i n g a D r a i n a g e Program - A d i s c u s s i o n of 
a d m i n i s t r a t i o n of a d r a i n a g e o r d i n a n c e , t e c h n i c a l a i d s r e q u i r e d , 
and f i e l d i n s p e c t i o n a r e i n c l u d e d i n t h i s c h a p t e r . 
C h a p t e r V I - C o n c l u s i o n - A summary o f t h i s s u r v e y arid a n a l y s i s 
o f u rban d r a i n a g e o r d i n a n c e s i s g i v e n w h i c h i n c l u d e s an e v a l u ­
a t i o n of how w e l l t h e s t u d y o b j e c t i v e s w e re f u l f i l l e d and r e ­
commendat ions f o r communi t i e s a n t i c i p a t i n g u s i n g t h e r e s u l t s 
o f t h i s s t u d y . 
The a b o v e o r g a n i z a t i o n o f c h a p t e r s was s e l e c t e d so t h a t t h e 
r e a d e r would be f a m i l i a r w i t h c e r t a i n c o n c e p t s arid p r o c e d u r e s w h i c h 
a r e then used i n s u b s e q u e n t d i s c u s s i o n s . 
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CHAPTER I I 
HYDROLOGIC COMPUTER SIMULATION I N DEKALB COUNTY 
P r o b l e m s i n v o l v i n g h y d r o l o g y h a v e f o r y e a r s b e e n a n a l y z e d b y 
m e a n s o f e m p i r i c m e t h o d s o r f o r m u l a s , m a n y o f w h i c h d a t e t h e i r o r i g i n 
b a c k t o t h e l a t e 1 8 0 0 ' s . T h e s e m e t h o d s e m p l o y t h e u s e o f c o e f f i c i e n t s 
w h i c h a t t e m p t t o a c c o u n t f o r m a n y d i f f e r e n t a s p e c t s o f t h e h y d r o l o g i c 
c y c l e . M a n y o f t h e e n g i n e e r s c o n t a c t e d i n t h i s s t u d y s t a t e d t h a t t h e s e 
m e t h o d s g i v e c o n s e r v a t i v e r e s u l t s a n d t h u s a d d a s a f e t y f a c t o r t o t h e 
d e s i g n p r o c e s s b y o v e r s i z i n g d r a i n a g e f a c i l i t i e s . A l t h o u g h t h i s m a y b e 
t r u e , t o d a y i n m a n y u r b a n a r e a s s e v e r e l i m i t a t i o n s a r e b e i n g p l a c e d o n 
d e v e l o p m e n t i n f l o o d p l a i n a r e a s , t h e l i m i t s o f w h i c h a r e b e i n g d e t e r ­
m i n e d b y t h e s e e m p i r i c a l m e t h o d s o r f o r m u l a s ; d r a i n a g e s t r u c t u r e s a r e 
b e i n g s i z e d t o l i m i t s t o r m r u n o f f , a n d o v e r s i z i n g t h e s e s t r u c t u r e s w i l l 
l i m i t t h e i r e f f e c t i v e n e s s ; a n d t h e e c o n o m i c s o f d r a i n a g e d e s i g n a r e d e ­
m a n d i n g m o r e a c c u r a t e a n d r e l i a b l e h y d r o l o g i c m e t h o d s . 
T h e s e e m p i r i c m e t h o d s d e p e n d o n t h e s e l e c t i o n o f a c r i t i c a l d e ­
s i g n s t o r m w h i c h i s u s e d t o e s t i m a t e p e a k d i s c h a r g e s a n d s t o r m h y d r o -
g r a p h s . I n e s t i m a t i n g a d e s i g n f l o o d f r o m a d e s i g n s t o r m , c o n s i d e r a b l e 
j u d g m e n t I s r e q u i r e d a n d u n r e l i a b l e r e s u l t s m a y b e o b t a i n e d . T o d a y , 
w i t h t h e u s e o f d i g i t a l c o m p u t e r s , i t i s p o s s i b l e t o u t i l i z e l o n g p e r i o d s 
o f p r e c i p i t a t i o n a n d r u n o f f d a t a t o e s t i m a t e f l o o d p e a k s , f l o o d h y d r o -
g r a p h s , l o w f l o w s , e t c . T h u s , i t i s p o s s i b l e t o c o n t i n u o u s l y m o n i t o r 
t h e w a t e r b a l a n c e w i t h i n a w a t e r s h e d o r s e v e r a l w a t e r s h e d s . I n a d d i t i o n 
t h e e f f e c t s o f u r b a n i z a t i o n c a n be q u i c k l y and a c c u r a t e l y a s s e s s e d by 
u s e o f computer programming t e c h n i q u e s . 
B e f o r e a community d r a f t s a d r a i n a g e o r d i n a n c e t h a t w i l l depend 
on advanced e n g i n e e r i n g t e c h n i q u e s f o r i t s p r o p e r a d m i n i s t r a t i o n , t h e y 
s h o u l d c o n s i d e r what t e c h n i q u e s a r e needed and a v a i l a b l e and t h e i r a s ­
s o c i a t e d c o s t s . F o l l o w i n g i s a d e s c r i p t i o n of a s t u d y b e i n g c o n d u c t e d 
i n DeKalb C o u n t y , G e o r g i a , t h e p u r p o s e o f w h i c h i s t o p r o v i d e t h i s 
County t h e t e c h n i c a l t o o l n e c e s s a r y t o a d e q u a t e l y implement i t s d r a i n ­
a g e p rogram. 
H y d r o l o g i c Computer S i m u l a t i o n 
In r e v i e w i n g h y d r o l o g i c methods p r e s e n t l y b e i n g used by e n g i n e e r s 
i t becomes r e a d i l y a p p a r e n t t h a t o n l y p o r t i o n s o f t h e h y d r o l o g i c c y c l e 
a r e i n c o r p o r a t e d i n t h e s e m e t h o d s . Many components o f t h e c y c l e and d e ­
t a i l s o f t h e d r a i n a g e s y s t e m a r e lumped t o g e t h e r and r e p r e s e n t e d by c o n ­
s t a n t s and one or two v a r i a b l e s . Such p r o c e d u r e s g r e a t l y s i m p l i f y t h e 
c o m p u t a t i o n s bu t i n t r o d u c e b road a s s u m p t i o n s w h i c h h a v e n o t a l w a y s been 
v e r i f i e d by s c i e n t i f i c r e s e a r c h and s t u d y . R e c e n t h y d r o l o g i c r e s e a r c h 
has l e d to a method ( h y d r o l o g i c computer s i m u l a t i o n ) t h a t a c c o u n t s f o r 
t h e major components o f t h e r u n o f f p r o c e s s and a l l o w s a d e t a i l e d d e s c r i p 
t i o n o f t h e d r a i n a g e s y s t e m . T h i s i n v o l v e s so many d i f f e r e n t c a l c u l a ­
t i o n s t h a t a s o l u t i o n i s p h y s i c a l l y i m p o s s i b l e by c o n v e n t i o n a l hand me­
t h o d s , bu t w i t h t h e u s e o f d i g i t a l c o m p u t e r s , s o l u t i o n s a r e p o s s i b l e 
and e c o n o m i c a l . The e n t i r e h y d r o l o g i c c y c l e and t h e d e t a i l s o f t h e 
d r a i n a g e s y s t e m can be s i m u l a t e d and a l t e r n a t i v e d e s i g n s e v a l u a t e d . 
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H y d r o l o g i c s i m u l a t i o n i s a n u m e r i c a l t e c h n i q u e f o r c o n d u c t i n g e x ­
p e r i m e n t s o n a d i g i t a l c o m p u t e r . I t i n v o l v e s c e r t a i n t y p e s o f m a t h e m a ­
t i c a l a n d l o g i c a l r e l a t i o n s h i p s ( m o d e l s ) t h a t d e s c r i b e t h e b e h a v i o r o f 
a h y d r o l o g i c s y s t e m o v e r e x t e n d e d p e r i o d s o f r e a l t i m e . I n o t h e r w o r d s , 
c o n t i n u o u s d i g i t a l s i m u l a t i o n o f a h y d r o l o g i c s y s t e m i s t h e o p e r a t i o n 
o f a c o m p u t e r m o d e l w h i c h r e p r e s e n t s t h e e s s e n t i a l f e a t u r e s o f t h e a c ­
t u a l s y s t e m b e i n g m o d e l e d . 
A h y d r o l o g i c m o d e l d e s c r i b e s t h e r e s p o n s e o f a d r a i n a g e a r e a , 
c o m p o s e d o f a n e t w o r k o f i n t e r c o n n e c t e d s t r e a m c h a n n e l s a n d t h e a d j a c e n t 
l a n d a r e a t h a t s l o p e s d o w n w a r d t o w a r d t h o s e c h a n n e l s . I n e s s e n c e , a 
h y d r o l o g i c m o d e l d e s c r i b e s s o m e o r a l l o f t h e c o m p o n e n t s o f t h e r u n o f f 
p r o c e s s t h a t a r e a c t i v e i n t h e d r a i n a g e a r e a . T h e s e i n c l u d e p r e c i p i t a ­
t i o n , e v a p o r a t i o n , t r a n s p i r a t i o n o f p l a n t s , i n f i l t r a t i o n o f w a t e r i n t o 
t h e s o i l , d r a i n a g e o f s t o r m w a t e r o v e r t h e g r o u n d s u r f a c e , m o v e m e n t o f 
w a t e r d o w n t h e s t r e a m c h a n n e l s y s t e m , * a n d s t o r a g e a n d d e t e n t i o n o f w a t e r 
o n t h e g r o u n d s u r f a c e , i n t h e s o i l , i n s t r e a m c h a n n e l s , a n d i n l a k e s a n d 
r e s e r v o i r s . 
D e K a l b C o u n t y S t u d y 
T h e G e o r g i a I n s t i t u t e o f T e c h n o l o g y c o n t r a c t e d w i t h D e K a l b C o u n t y , 
G e o r g i a i n 1 9 7 4 t o d o a c o m p u t e r s i m u l a t i o n s t u d y e n t i t l e d , " U t i l i z a ­
t i o n o f a C o m p u t e r M o d e l t o D e t e r m i n e t h e I m p a c t o f U r b a n D e v e l o p m e n t o n 
F l o o d i n g i n D e K a l b C o u n t y . " 
D r . A l a n L u m b , o f t h e G e o r g i a T e c h S c h o o l o f C i v i l E n g i n e e r i n g i s 
t h e p r o j e c t d i r e c t o r f o r t h i s s t u d y a n d t h e m a t e r i a l s d i s c u s s e d i n t h i s 
c h a p t e r w e r e o b t a i n e d f r o m h i s p r o j e c t f i l e s a n d p e r s o n a l c o m m e n t s . 
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Study O b j e c t i v e 
The o b j e c t i v e o f t h i s s t u d y i s t o d e v e l o p a h y d r o l o g i c s i m u l a t i o n 
model to d e t e r m i n e t h e Impact of u rban d e v e l o p m e n t o r p o t e n t i a l d e v e l o p ­
ment on downstream f l o o d i n g i n DeKalb County and e v a l u a t e m e a s u r e s t o r e ­
duce t h e damaging Impac t . 
A n t i c i p a t e d B e n e f i t s 
F o l l o w i n g i s a d i s c u s s i o n of some o f t h e b e n e f i t s t h a t c o u l d r e ­
s u l t from t h e computer s i m u l a t i o n s t u d y i n DeKalb C o u n t y . 
C o u n t y . The computer model from t h i s s t u d y w i l l be a u n i q u e and 
v a l u a b l e t o o l f o r t h e C o u n t y ' s d r a i n a g e p rog ram. Wi th t h e u s e o f t h i s 
model t h e f o l l o w i n g w i l l be p o s s i b l e : 
1. An a c c u r a t e u p - t o - d a t e f l o o d p l a i n map can be m a i n t a i n e d 
t o show c o n t i n u a l l y t h e r e s u l t s o f c u r r e n t d e v e l o p m e n t . 
Such maps can be a dynamic t o o l f o r County u s e i n d r a i n a g e 
p l a n n i n g r a t h e r than a s t a t i c b a s e l i k e t h e e x i s t i n g f l o o d 
p l a i n r e p o r t s . A l s o , by u s i n g t h e same model f o r any w a t e r ­
shed i n t he e n t i r e C o u n t y , c o n s i s t e n c y i n p r o c e d u r e s and 
m e t h o d o l o g y can be a c h i e v e d . 
2. The model w i l l p e r m i t q u i c k , e c o n o m i c a l , and a c c u r a t e h y d r o -
l o g i c e v a l u a t i o n of e x i s t i n g and p roposed d r a i n a g e s t r u c t u r e s 
and deve lopmen t w i t h i n t r i b u t a r y a r e a s . Thus i t w i l l be p o s ­
s i b l e t o a s s e s s a c c u r a t e l y t h e e f f e c t s o f d i f f e r e n t d e s i g n s 
f o r p roposed d r a i n a g e s t r u c t u r e s o r changes i n e x i s t i n g d r a i n ­
age s t r u c t u r e s . 
3. The model can be used t o e v a l u a t e t h e i n t e r r e l a t i o n s h i p s 
b e t w e e n s e v e r a l d e v e l o p m e n t s and p roposed d r a i n a g e s t r u c t u r e s . 
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4. A l t e r n a t e s o l u t i o n s t o d r a i n a g e p r o b l e m s c a n q u i c k l y a n d e c o ­
n o m i c a l l y b e e v a l u a t e d . -
5 . A n t i c i p a t e d d r a i n a g e r e q u i r e m e n t s r e s u l t i n g f r o m d i f f e r e n t 
l a n d u s e s a n d c o n f i g u r a t i o n s o f d e v e l o p m e n t w i l l b e a v a i l ­
a b l e f o r z o n i n g a n d d e v e l o p m e n t d e c i s i o n s . 
6 . T h e e f f e c t s o f m a j o r f l o o d s o n e x i s t i n g d e v e l o p m e n t s a n d 
s t r u c t u r e s w i t h i n t h e f l o o d p l a i n c a n b e d e t e r m i n e d a n d a l ­
t e r n a t e s o l u t i o n s e v a l u a t e d . 
7 . S i n c e f l o o d p l a i n l a n d i s a s s e s s e d , f o r t a x a n d o t h e r p u r ­
p o s e s , a t a m u c h l o w e r r a t e t h a n o t h e r l a n d i t i s t o t h e 
C o u n t y 1 s a d v a n t a g e t o a c c u r a t e l y d e t e r m i n e t h e l i m i t s o f 
t h e f l o o d p l a i n , a n d c h a n g e s i n t h e s e l i m i t s , s o t h a t e x ­
c e s s a r e a i s n o t d e s i g n a t e d a s f l o o d p l a i n l a n d . I t i s 
a l s o p o s s i b l e t h a t t h e r e s u l t s o f t h e m o d e l w i l l s h o w t h a t 
a r e a s n o t c o n s i d e r e d a s f l o o d p l a i n d o l i e w i t h i n t h e l i m i t s 
o f t h e f l o o d p l a i n . 
D e v e l o p e r s a n d R e a l t o r s . W i t h t h e u s e o f t h e m o d e l t h e f o l l o w i n g 
b e n e f i t s t o d e v e l o p e r s a n d r e a l t o r s a r e p o s s i b l e : 
1 . I f a n a c c u r a t e u p - t o - d a t e f l o o d p l a i n map i s a v a i l a b l e , a d e ­
v e l o p e r o r r e a l t o r w i l l b e a b l e t o q u i c k l y a s s e s s h o w m u c h 
o f a p r o p o s e d d e v e l o p m e n t w i l l b e l o c a t e d w i t h i n t h e f l o o d 
p l a i n . 
2 . D e v e l o p e r s w i l l b e e n c o u r a g e d t o w o r k w i t h t h e C o u n t y t o 
e v a l u a t e p o t e n t i a l d r a i n a g e p r o b l e m s a n d a l t e r n a t e s o l u t i o n s . 
T h i s e n c o u r a g e m e n t w i l l be . f o s t e r e d s i n c e t h e C o u n t y w i l l b e 
a b l e t o p r o v i d e a n s w e r s q u i c k l y a t m i n i m a l c o s t . 
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3 . I t i s a n t i c i p a t e d t h a t t h e c o m p u t e r m o d e l w i l l f o r m a l i a i s o n 
b e t w e e n d e v e l o p e r s a n d t h e C o u n t y t o s o l v e a n d / o r p r e v e n t 
d r a i n a g e p r o b l e m s w i t h i n t h e C o u n t y . 
4 . T h e m o d e l c a n r e l i e v e t h e d e v e l o p e r s o f h a v i n g t o s u b m i t d e ­
t a i l e d f l o o d p l a i n s t u d i e s f o r t h e i r p r o p o s e d d e v e l o p m e n t s 
w i t h i n t h e a r e a s w h e r e t h e c o m p u t e r m o d e l i s a p p l i e d , b u t 
w i l l r e q u i r e t h e m t o s u b m i t d a t a o n l a n d u s e c h a n g e s s o t h e 
C o u n t y w i l l h a v e b e t t e r i m p u t w h e n t h e y r u n t h e m o d e l . T h e 
F e d e r a l G o v e r n m e n t a n d l o c a l l e n d i n g i n s t i t u t i o n s a r e v e r y 
h e s i t a n t a b o u t s u p p o r t i n g d e v e l o p m e n t w i t h i n f l o o d p l a i n 
a r e a s s i n c e p a s s a g e o f t h e F l o o d D i s a s t e r P r o t e c t i o n A c t o f 
1 9 7 3 . A s a r e s u l t d e v e l o p e r s n o w h a v e t o s u b m i t d e t a i l e d 
s t u d i e s t o e v a l u a t e f l o o d p l a i n a r e a s i n o r d e r t o f i n a n c e 
d e v e l o p m e n t s . T h e c o s t o f t h e s e s t u d i e s c a n r a n g e f r o m 
s e v e r a l h u n d r e d t o t h o u s a n d s o f d o l l a r s . T h i s c o s t c a n b e 
a f i n a n c i a l b u r d e n t o s m a l l d e v e l o p e r s . 
5 . W i t h t h e c o s t o f l a n d I n t h e A t l a n t a M e t r o p o l i t a n A r e a r a n g ­
i n g f r o m $ 2 0 , 0 0 0 / a c r e t o o v e r $ 1 0 0 , 0 0 0 / a c r e , i t c a n b e v e r y 
Costly t o o v e r e s t i m a t e t h e l i m i t s o f t h e f l o o d p l a i n . 
I n d i v i d u a l C i t i z e n . W i t h t h e u s e o f t h e m o d e l t h e f o l l o w i n g b e n e ­
f i t s t o i n d i v i d u a l c i t i z e n s a r e p o s s i b l e : 
1 . When a c i t i z e n w a n t s t o d e v e l o p a s i t e f o r a p r i v a t e r e s i d e n c e 
o r s m a l l b u s i n e s s , i t b e c o m e s a s i g n i f i c a n t f i n a n c i a l b u r d e n 
f o r h i m t o h a v e t o p a y f o r a n e n g i n e e r i n g s t u d y t o d e t e r m i n e 
t h e l i m i t s o f t h e f l o o d p l a i n . W i t h a n u p - t o - d a t e f l o o d 
p l a i n m a p , t h e c i t i z e n w o u l d o n l y h a v e t o r e f e r t o t h i s m a p 
f o r t h e n e e d e d i n f o r m a t i o n . 
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2. An u p - t o - d a t e f l o o d p l a i n map would in fo rm p u r c h a s e r s o f l and 
where t h e f l o o d p l a i n l i m i t s a r e . Thus , i t would be l e s s 
l i k e l y t h a t u n s u s p e c t i n g p u r c h a s e r s would be s o l d f l o o d p l a i n 
l and under t h e p r e t e x t i t c o u l d be d e v e l o p e d f o r Othe r p u r ­
p o s e s . I t i s assumed t h e County w i l l p u b l i s h f l o o d p l a i n 
maps t o make t h i s i n f o r m a t i o n a v a i l a b l e to t h e p u b l i c . 
Model C a l i b r a t i o n 
The model b e i n g used i n t h i s s t u d y i s g e n e r a l i n n a t u r e and can 
be made t o d e s c r i b e a w i d e r a n g e o f h y d r o l o g i c c o n d i t i o n s and w a t e r s h e d 
c h a r a c t e r i s t i c s . T h i s model c a n be made to d e s c r i b e s p e c i f i c d r a i n a g e 
a r e a s by t h e c o r r e c t s e l e c t i o n o f t h e v a l u e s of p a r a m e t e r s t h a t o c c u r i n 
t h e m a t h e m a t i c a l e x p r e s s i o n s w h i c h make up t h e m o d e l . The s e l e c t i o n o f 
pa rame te r v a l u e s i s r e f e r r e d t o a s "model c a l i b r a t i o n " , and i s one o f 
t he most i m p o r t a n t p a r t s o f the o v e r a l l s t u d y . 
Model c a l i b r a t i o n i s an i t e r a t i v e p r o c e d u r e w h i c h i n v o l v e s (1) 
i n i t i a l e s t i m a t i o n o f pa r ame te r v a l u e s , (2) s i m u l a t i o n of h i s t o r i c a l 
( p r e v i o u s l y measured and r e c o r d e d ) s to rm r u n o f f e v e n t s ( f l o o d s ) , (3) 
compar i son o f s i m u l a t e d and measured f l o o d s , and (4) a d j u s t m e n t o f p a r a ­
mete r v a l u e s t o b r i n g s i m u l a t e d f l o o d s i n l i n e w i t h h i s t o r i c a l d a t a . 
T h i s p r o c e s s i s r e p e a t e d u n t i l t h e model i s c a p a b l e o f r e p r o d u c i n g t h e 
h i s t o r i c a l e v e n t s . 
Model c a l i b r a t i o n i s based on t he r e c o r d s o f r a i n f a l l and r u n o f f 
from h i s t o r i c a l e v e n t s t h a t have o c c u r r e d i n DeKalb County and i n t h e 
i m m e d i a t e l y s u r r o u n d i n g a r e a s . Some r e c o r d s c u r r e n t l y b e i n g c o l l e c t e d 
i n t h e m e t r o p o l i t a n a r e a by t he U . S . G e o l o g i c a l S u r v e y a r e a v a i l a b l e . 
M o r e o v e r , a d d i t i o n a l g a g i n g s i t e s w i l l be i n s t r u m e n t e d . C u r r e n t l y t h e r e 
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a r e n o g a g e s l o c a t e d o n s m a l l w a t e r s h e d s ( l e s s t h a n 2 0 0 a c r e s ) . C o l l e c ­
t i o n o f d a t a f r o m s m a l l w a t e r s h e d s i s n e c e s s a r y i f r u n o f f f r o m t h e s e 
w a t e r s h e d s i s t o b e r e l i a b l y m o d e l e d . A l s o t h e r e a r e n o d a t a c u r r e n t l y 
a v a i l a b l e f r o m t h e s o u t h e a s t p o r t i o n o f t h e c o u n t y . R a i n f a l l a n d r u n ­
o f f d a t a f r o m t h i s a r e a a r e n e e d e d f o r m o d e l i n g i n t h i s p a r t o f t h e 
C o u n t y . 1 
S c a l e o f S i m u l a t i o n 
C o n d u c t i n g h y d r o l o g i c s i m u l a t i o n s t u d i e s r e q u i r e s , f o r p r a c t i c a l 
r e a s o n s , t w o s c a l e s Of a c t i v i t i e s . T h e p r a c t i c a l r e a s o n s r e l a t e t o c o m ­
p u t e r c a p a b i l i t i e s a n d p e r s o n n e l a v a i l a b l e f o r data collection and cod­
i n g d a t a f o r i n p u t t o t h e c o m p u t e r . G r e a t e r c o m p u t e r c a p a b i l i t y a n d 
g r e a t e r d e t a i l i n i n p u t d a t a I n c r e a s e a c c u r a c i e s i n p r e d i c t i n g s t r e a m 
e l e v a t i o n s d u r i n g f l o o d s . H o w e v e r , b e y o n d s o m e p o i n t t h e b e n e f i t s o f 
a d d i t i o n a l a c c u r a c y c a n n o t j u s t i f y t h e f u n d s r e q u i r e d f o r c o m p u t e r t i m e 
a n d a d d e d p e r s o n n e l . D r . Lumb f e e l s t h a t t h e s i m u l a t i o n s t u d y d e s c r i b e d 
h e r e i n a d e q u a t e l y b a l a n c e s t h e t r a d e - o f f s b e t w e e n g r e a t e r a c c u r a c y a n d 
l a r g e r b u d g e t s . T h i s b a l a n c e i s a l s o a f u n c t i o n o f p o p u l a t i o n d e n s i t y 
a n d m o s t o f t h e a r e a s i n c l u d e d i n t h i s s t u d y a r e o f U . S . m e t r o p o l i t a n 
s u b u r b i a . 
L a r g e S c a l e S i m u l a t i o n . L a r g e s c a l e s i m u l a t i o n i s f o r d r a i n a g e 
a r e a s g r e a t e r t h a n a p p r o x i m a t e l y 1 0 0 a c r e s o r d r a i n a g e a r e a s w h i c h p r o ­
d u c e 1 0 0 - y e a r f l o o d s g r e a t e r t h a n 5 0 0 c f s i n D e K a l b C o u n t y . L a r g e s c a l e 
s i m u l a t i o n c a n b e u s e d f o r d e t e r m i n i n g : : 
1 . d o w n s t r e a m f l o o d i n g l e v e l s , 
2 . f l o o d i n g e f f e c t s o f z o n i n g p o l i c i e s f o r u n d e v e l o p e d l a n d s , 
3 . s i z e o f d a m s f o r f l o o d r e d u c t i o n , 
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4. use of ex i s t ing lakes for flood contro l , 
5. e f f e c t of debris removal on upstream and downstream f looding, 
6. e f f ec t of sewer pipe re loca t ion , 
7. e f f ec t of culvert enlargement on upstream and downstream 
f looding, 
8. e f f e c t s of upstream detent ion s tructures , 
9. 50-year and 100-year flood pla in e levat ions before and after 
development, 
10. e f f e c t s of other p o l i c i e s or s tructural measures the planners, 
engineers, e lected o f f i c i a l s , or private c i t i z e n s may envi­
s ion . 
Although a general computer program for storm runoff computations 
i s used for large sca le s imulation, the input data on land charac ter i s ­
t i c s , stream channel c h a r a c t e r i s t i c s , and storm c h a r a c t e r i s t i c s are 
unique to each separate drainage area. Thus, each drainage area studied 
requires f i e l d surveys, preliminary analys is of the data obtained, and 
coding and keypunching the data for use in the computer. 
Small Scale Simulation. Small s ca le simulation i s for drainage 
areas l e s s than approximately 100 acres and generating 100-year f loods 
l e s s than 500 cfs in DeKalb County. Small s ca l e simulation s tudies can 
be used for design of: 
1. re tent ion basins for storage of excess runoff from res iden­
t i a l , apartment, industr ia l or commercial development, 
2. measures such as spreading excess runoff over previous pave­
ment for parking l o t s , underground storage in tanks or 
aqui fers , 
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3. c u l v e r t s , and 
4. a n a l y s i s o f f l o o d i n g e f f e c t s i m m e d i a t e l y downstream from t h e 
proposed deve lopmen t under d i f f e r e n t assumed d r a i n a g e p l a n s . 
As w i t h l a r g e s c a l e s i m u l a t i o n , a g e n e r a l computer program f o r 
s torm r u n o f f c o m p u t a t i o n s i s u s e d , and d e t a i l e d i n p u t d a t a f o r e a c h d e ­
v e l o p m e n t s i t e i s r e q u i r e d . 
The model used i n t h e DeKalb S tudy has been used t o s i m u l a t e 
f l o w s f o r b o t h l a r g e and s m a l l d r a i n a g e a r e a s a l t h o u g h no a p p l i c a t i o n s 
o f s m a l l s c a l e s i m u l a t i o n w i l l be i n c l u d e d i n t h i s s t u d y . 
C o n t i n u o u s and Storm P e r i o d S i m u l a t i o n 
A f u r t h e r d i cho tomy o f h y d r o l o g i c s i m u l a t i o n i n v o l v e s c o n t i n u o u s 
S i m u l a t i o n and s torm p e r i o d s i m u l a t i o n . The d i s t i n c t i o n b e t w e e n t h e 
two i s s i m p l y t h e t ime p e r i o d f o r w h i c h t he s i m u l a t i o n i s c o n d u c t e d . 
C o n t i n u o u s s i m u l a t i o n i n v o l v e s c a l c u l a t i o n o f s i m u l a t e d f l o w f o r e v e r y 
day o r hour f o r a p e r i o d o f s e v e r a l months or many y e a r s . Storm p e r i o d 
s i m u l a t i o n i n v o l v e s c a l c u l a t i o n o f s i m u l a t e d f l o w s e v e r y few m i n u t e s f o r 
s e v e r a l hou r s o r a few d a y s . 
C o n t i n u o u s s i m u l a t i o n i s used t o d e v e l o p r u n o f f f i l e s f o r DeKalb 
County w h i c h i n c o r p o r a t e t he e f f e c t s t h a t t ime o f y e a r , s o i l m o i s t u r e , 
and r a i n f a l l i n t e n s i t y have on r u n o f f vo lumes from a p a r t i c u l a r s o i l 
t y p e . The U . S . S o i l C o n s e r v a t i o n S e r v i c e has d i v i d e d s o i l s , w i t h r e ­
s p e c t to i n f i l t r a t i o n r a t e s , i n t o f o u r h y d r o l o g i c s o i l g r o u p s . T h r e e 
o f t h e s e g r o u p s a r e found i n DeKalb C o u n t y . S i m u l a t i o n i s used t o d e ­
v e l o p r u n o f f f i l e s f o r each of t h e s e t h r e e g r o u p s p l u s one f o r i m p e r ­
v i o u s a r e a . These r u n o f f f i l e s r e p r e s e n t t h e r u n o f f e x p e c t e d from a 
u n i t a r e a o f a p a r t i c u l a r s o i l t y p e o r i m p e r v i o u s a r e a w i t h o u t t a k i n g 
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i n t o a c c o u n t c h a n n e l f l o w . By c o m b i n i n g t h e p r o p e r p e r c e n t a g e s o f t h e s e 
f o u r r u n o f f f i l e s , r u n o f f f r o m t h e l a n d s u r f a c e o f t h e w a t e r s h e d u n d e r 
i n v e s t i g a t i o n i s d e t e r m i n e d . 
R u n o f f v a l u e s f r o m c o n t i n u o u s s i m u l a t i o n f o r s e l e c t e d s t o r m s a n d 
t h e d i v i s i o n o f t h e l a n d s u r f a c e a m o n g s o i l t y p e s a n d i m p e r v i o u s a r e a 
a r e t h e n u s e d a s i n p u t d a t a t o s t o r m p e r i o d s i m u l a t i o n . S t o r m r u n o f f 
g e n e r a t e d f r o m t h e r u n o f f f i l e s i s t h e n r o u t e d t h r o u g h t h e c h a n n e l s y s ­
t e m ( I n c l u d i n g s t o r a g e f a c i l i t i e s ) t o d e t e r m i n e r e s u l t i n g C h a n n e l f l o w s . 
A n a l y s i s o f d r a i n a g e p r o b l e m s a n d e v a l u a t i o n s o f p o t e n t i a l s o l u t i o n s i s 
accomplished w i t h s e v e r a l s t o r m p e r i o d s i m u l a t i o n s e a c h y e a r f o r 2 5 
y e a r s . C o n t i n u o u s s i m u l a t i o n o n l y n e e d s t o b e p e r f o r m e d o n c e t o g e n e r a t e 
t h e r u n o f f f i l e n e c e s s a r y f o r s t o r m p e r i o d s i m u l a t i o n . 
C o u n t y ' s U s e o f S i m u l a t i o n M o d e l 
T h e s i m u l a t i o n m o d e l t o b e d e v e l o p e d f o r D e K a l b C o u n t y w i l l a l l o w : 
1 . i d e n t i f i c a t i o n o f f l o o d p l a i n e l e v a t i o n s f o r a l l s t r e a m s , 
2 . p r e d i c t i o n o f t h e e f f e c t s o f f u t u r e u r b a n i z a t i o n o f t h e f l o o d 
p l a i n s a t m a n y k e y p o i n t s a l o n g t h e s t r e a m s , : 
3. e s t i m a t i o n o f p e a k f l o w s a n d w a t e r l e v e l s ( s t a g e ) f o r v a r i o u s 
f r e q u e n c i e s w i t h a n d w i t h o u t f l o w r e g u l a t i n g f a c i l i t i e s * 
4 . p e r f o r m a n c e o f o p e r a t i o n s t u d i e s f o r l a r g e r d e t e n t i o n s t o r a g e 
f a c i l i t i e s , 
5 . i d e n t i f i c a t i o n o f c h a n n e l c o n s t r i c t i o n s w h i c h p r e s e n t l y i n ­
c r e a s e u p s t r e a m f l o o d i n g , a n d i d e n t i f i c a t i o n o f t h o s e c h a n n e l 
c o n s t r i c t i o n s e x p e c t e d t o a f f e c t f l o o d i n g a t s o m e f u t u r e d a t e 
w h e n u n d e v e l o p e d u p s t r e a m a r e a s b e c o m e m o r e f u l l y d e v e l o p e d . 
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C o n t i n u a t i o n o f S t u d y by DeKalb County 
F o l l o w i n g t h e c o m p l e t i o n o f t h i s s t u d y by G e o r g i a T e c h , DeKalb 
County w i l l h a v e t o a s s u m e s e v e r a l a r e a s o f r e s p o n s i b i l i t y i n o r d e r t o 
e f f e c t i v e l y u t i l i z e t h e s t u d y r e s u l t s . 
1. The County w i l l n e e d t o employ a s m a l l s t a f f q u a l i f i e d i n 
t h e u s e and a p p l i c a t i o n o f t h e c o m p u t e r m o d e l . Even t h o u g h 
t h e r e w i l l be an o p e r a t i n g manua l o n t h e u s e o f t h e m o d e l 
t h e s e p e r s o n n e l w i l l n e e d s p e c i a l i z e d t r a i n i n g and e x ­
p e r i e n c e t o f u l l y u t i l i z e t h e c a p a b i l i t i e s o f t h e m o d e l . 
2. A c o m p r e h e n s i v e r a i n and s t r e a m g a g e n e t w o r k i s an i m p o r ­
t a n t p a r t of t h e o r i g i n a l s t u d y and w i l l b e c o n t i n u e d b y 
t h e County t o p r o v i d e a d d i t i o n a l d a t a f o r f u t u r e m o d e l 
c a l i b r a t i o n s . 
3. A c o n t i n u o u s Working r e l a t i o n s h i p w i t h t h e p e r s o n n e l who 
c o n d u c t e d t h e s t u d y w o u l d b e v a l u a b l e t o t h e County i n o r ­
d e r t o k e e p t h e c o m p u t e r m o d e l u p - t o - d a t e . Wi th s u c h a r e ­
l a t i o n s h i p t h e C o u n t y c o u l d a l s o b e n e f i t from c o u n s e l o u t ­
s i d e t h e g o v e r n m e n t a l s t r u c t u r e on a p p l i c a t i o n o f t h e m o d e l 
t o s p e c i f i c p r o b l e m s . 
4. The County mus t d e c i d e w h e t h e r t o u s e i t s own c o m p u t e r f a ­
c i l i t i e s o r p u r c h a s e t i m e on a c o m p u t e r s y s t e m . M o s t c o u n t y 
and c i t y c o m p u t e r s y s t e m s a r e o r i e n t e d t o w a r d a d m i n i s t r a t i v e 
r a t h e r t h a n s c i e n t i f i c a p p l i c a t i o n s . D r . Lumb f e e l s t h a t i f 
s e v e r a l A t l a n t a M e t r o p o l i t a n C o u n t i e s u s e d t h e same c o m p u t e r 
m o d e l , a c o m m e r c i a l c o m p u t e r s y s t e m o r i e n t e d t o w a r d s c i e n t i ­
f i c a p p l i c a t i o n s c o u l d b e u s e d by a l l c o u n t i e s . I n D r . Lumb's 
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o p i n i o n , t h i s w o u l d b e m o r e e f f i c i e n t t h a n e a c h c o u n t y u s i n g 
I t s o w n s y s t e m . 
5 . D r . Lumb e s t i m a t e s t h a t i t w i l l c o s t t h e C o u n t y f r o m $ 7 , 0 0 0 -
$ 1 0 , 0 0 0 / y e a r t o m a i n t a i n t h e c o m p u t e r m o d e l , h a n d l e d i f f i c u l t 
a p p l i c a t i o n p r o b l e m s a n d p a y f o r t h e n e e d e d c o m p u t e r t i m e , 
a l t h o u g h t h i s f i g u r e c o u l d v a r y c o n s i d e r a b l y d e p e n d i n g o n t h e 
a m o u n t o f u s e t h e m o d e l g e t s . 
6 . T h e s t u d y u n d e r t a k e n b y G e o r g i a T e c h w i l l o n l y i n v o l v e g e t ­
t i n g d a t a o n a f e w w a t e r s h e d s . I f t h e C o u n t y w a n t s t o u s e 
t h e s i m u l a t i o n p r o g r a m t h r o u g h o u t t h e C o u n t y t h e y w i l l n e e d 
t o g e t d a t a o n t h e r e m a i n i n g w a t e r s h e d s . T h i s w i l l b e a f a i r ­
l y l a r g e t a s k . No c o s t e s t i m a t e s o f c o m p l e t i n g s u c h a t a s k 
h a d b e e n m a d e a t t h e t i m e t h i s t h e s i s w a s w r i t t e n . 
I m p l i c a t i o n s o f D e K a l b 1 s S t u d y f o r O t h e r A r e a s 
D e K a l b C o u n t y h a s i n v e s t e d a p p r o x i m a t e l y $ 1 0 0 , 0 0 0 i n t h e h y d r o -
l o g i c c o m p u t e r s i m u l a t i o n s s t u d y j u s t d i s c u s s e d . I n a d d i t i o n , t h e C o u n t y 
w i l l n e e d t o i n v e s t a d d i t i o n a l f u n d s t o c o m p l e t e t h e s t u d y f o r t h e e n ­
t i r e C o u n t y a n d k e e p i t i n u s e a n d u p - t o - d a t e . W h e t h e r o r n o t t h i s 
i n i t i a l c o s t i s j u s t i f i e d w i l l l a r g e l y d e p e n d o n t h e a m o u n t o f u s e t h e 
s i m u l a t i o n m o d e l g e t s . D e K a l b C o u n t y p e r s o n n e l a n t i c i p a t e t h e s i m u l a ­
t i o n m o d e l w i l l r e c e i v e e x t e n s i v e u s e s i n c e : 
1 . t h e r e a r e m a n y e x i s t i n g d r a i n a g e p r o b l e m s i n t h e C o u n t y w h i c h 
w i l l n e e d t o b e a n a l y z e d , 
2 . s o m e a r e a s o f t h e C o u n t y a r e p r e s e n t l y b e i n g d e v e l o p e d a n d 
t h e s e a r e a s w i l l n e e d t o b e a n a l y z e d t o p r e v e n t f u t u r e d r a i n ­
a g e p r o b l e m s , 
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3. DeKalb County has adopted a d r a i n a g e o r d i n a n c e w h i c h w i l l 
n e c e s s i t a t e the u s e o f advanced e n g i n e e r i n g t e c h n i q u e s f o r 
d e s i g n of s t o r a g e f a c i l i t i e s and e v a l u a t i o n of d i f f e r e n t 
deve lopmen t a l t e r n a t i v e s . 
With the c o m p l e t i o n o f t h e s t u d y DeKalb County p e r s o n n e l w i l l 
have the t e c h n i c a l t o o l n e c e s s a r y t o a d e q u a t e l y implement t h e i r d r a i n a g e 
program. I t shou ld be p o i n t e d o u t t h a t i n c o n t r a s t t o t he l a r g e i n i t i a l 
c o s t s , t h e County w i l l be a b l e t o q u i c k l y a n a l y s i s d i f f e r e n t deve lopmen t 
and d e s i g n a l t e r n a t i v e s f o r a r e l a t i v e l y s m a l l c o s t per a p p l i c a t i o n . 
N e g l e c t i n g t h e i n i t i a l d e v e l o p m e n t c o s t s , u s e o f the s i m u l a t i o n model 
shou ld be l e s s e x p e n s i v e than c o n v e n t i o n a l e n g i n e e r i n g methods and f o r 
complex prob lems the s a v i n g s s h o u l d be c o n s i d e r a b l e . 
Thus , t h i s s t u d y has s e v e r a l i m p l i c a t i o n s f o r a r e a s t h a t a r e c o n ­
s i d e r i n g t h e u s e of h y d r o l o g i c computer s i m u l a t i o n . 
1. I f an a r e a i n t e n d s t o adop t a d r a i n a g e o r d i n a n c e w h i c h w i l l 
heed advanced e n g i n e e r i n g t e c h n i q u e s f o r i t s a d m i n i s t r a t i o n , 
t h e deve lopmen t o f some h y d r o l o g i c s i m u l a t i o n model s h o u l d 
be c o n s i d e r e d . 
2. S i n c e t h e r e i s a h i g h i n i t i a l c o s t f o r d e v e l o p i n g a h y d r o -
l o g i c s i m u l a t i o n m o d e l , i t m igh t be w i s e t o combine s e v e r a l 
p o l i t i c a l e n t i t i e s o r d e v e l o p a m e t r o p o l i t a n o r r e g i o n a l d i s ­
t r i c t and have s e v e r a l gove rnmen t s s h a r e t h e c o s t o f d e v e l o p ­
i n g t h e m o d e l . 
3. For s m a l l c i t i e s and c o u n t i e s i t m i g h t be p r e f e r a b l e t o u s e 
the s e r v i c e s o f a c o n s u l t i n g f i r m r a t h e r t han h a v i n g c i t y o r 
c o u n t y p e r s o n n e l o p e r a t e t h e m o d e l . 
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If an area ant ic ipates the use of hydrologic simulation In 
the future, thought should be given to e s tab l i sh ing a stream 
and rain gaging system as soon as poss ib le so that the needed 
hydrologic data w i l l be a v a i l a b l e . 
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CHAPTER I I I 
DRAFTING A DRAINAGE ORDINANCE 
B e f o r e any community d r a f t s and a d o p t s a d r a i n a g e o r d i n a n c e s e v ­
e r a l g e n e r a l " c o n s i d e r a t i o n s shou ld f i r s t be reviewed. The community 
s h o u l d i d e n t i f y t he problem a r e a s w h i c h t h e o r d i n a n c e w i l l a t t e m p t t o 
d e a l w i t h . Some b a s i c d e c i s i o n s s h o u l d be made c o n c e r n i n g t h e communi­
t i e s p h i l o s o p h y f o r d e a l i n g w i t h d r a i n a g e p r o b l e m s , The g e n e r a l fo rmat 
of t h e d r a i n a g e o r d i n a n c e is another consideration that should b e dealt 
w i t h . These a r e some o f t h e a r e a s t h a t w i l l be d i s c u s s e d i n t h i s c h a p t e r . 
In o r d e r t o c l a r i f y t h e use of s e v e r a l t e rms used i n t h i s t h e s i s 
t h e f o l l o w i n g d i ag ram and d i s c u s s i o n i s i n c l u d e d . 
D r a i n a g e O r d i n a n c e Flood and E r o s i o n 
Problem A r e a s • • • # » O b j e c t i v e s flfr ( P o l i c y S t a t e m e n t ) — H f c i C o n t r o l Manual 
Problem A r e a s - t h e s e a r e t h e problem a r e a s w h i c h w i l l be c o n ­
s i d e r e d and d e a l t w i t h i n the o r d i n a n c e and d r a i n a g e p rogram. 
O b j e c t i v e s - t h e s e a r e t h e o b j e c t i v e s of t h e o r d i n a n c e and d r a i n ­
age program and r e p r e s e n t t h e c o m m u n i t y ' s p h i l o s o p h y f o r d e a l ­
i ng w i t h t h e p rob lem a r e a s . These o b j e c t i v e s c o u l d a l s o be c o n ­
s i d e r e d t he g o a l s o f the o r d i n a n c e and d r a i n a g e p rogram. 
D r a i n a g e O r d i n a n c e - g e n e r a l p o l i c y s t a t e m e n t c o n c e r n i n g d r a i n ­
age and f l o o d c o n t r o l . 
F lood and E r o s i o n C o n t r o l Manual - e n g i n e e r i n g manual d e a l i n g 
w i t h t he e n g i n e e r i n g and t e c h n i c a l d e t a i l s a s s o c i a t e d w i t h 
t h e p o l i c i e s c o n t a i n e d i n t h e o r d i n a n c e . 
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In the above diagram there should be feedback and interaction 
between the elements described in order to provide a continual evaluation 
of the County's drainage program. 
Drainage Objectives 
As discussed in the introduction, two of the original goals of 
this study were: 
1. to determine the objectives of local governments in the areas 
of drainage, erosion, and flood control, 
2. and to assess the adequacy of existing ordinances in meeting 
these objectives. 
As the interviews with city and county personnel progressed, It 
quickly became evident that very little consideration had been given to 
stating objectives for their drainage program, keeping up-to-date the 
original objectives of the drainage program (if determined), or evalux­
ating the adequacy of the existing drainage programs. Many of those 
interviewed gave what they considered to be some objectives of their 
drainage programs but also stated this represented their opinion and not 
an official position of the county or city. 
In many areas those who took the leadership in getting the ordi­
nances and regulations adopted had either left the area, died, terminated 
their employment with the agency, or for some other reason were not avail­
able for comment. Thus, it was difficult to assess these two study goals 
except for the fact that objectives had not played a significant part in 
the execution of existing ordinances. 
In contrast to what was done, when the subject of objectives was 
brought up during the interviews, both technical and nontechnical 
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personnel f e l t the establishment of a d e f i n i t e se t of objec t ives i s not 
only important but should be the f i r s t step in formulating a drainage 
program. 
Furthermore, many of those interviewed f e l t that a continuous 
evaluation of the drainage program should be done to determine whether 
the program i s carrying out the objec t ives (and how e f f e c t i v e l y ) , and 
whether the objec t ives should be modified or changed. Thus object ives 
should be used to give d irec t ion and feedback to the drainage program. 
It i s a lso Important that a l l drainage personnel be informed as 
to what the object ives are and when changes in the objec t ives are made. 
This information should be published and promulgated by the county. In 
many l o c a l i t i e s , personnel within the c i t y or county government as 
wel l as outs ide consultants , complained they did not know about several 
aspects of the t o t a l program and were not kept informed about program 
changes. One means of keeping everyone up-to-date would be for the 
county to publish a newsletter when changes are made in the drainage 
program. 
Numerous e lected o f f i c i a l s were contacted and their opinions , r e ­
la t ing to d i f ferent aspects of their loca l drainage program were obta in­
ed. The questions pertaining to stated goals and object ives yielded i n ­
teres t ing answers. Everyone f e l t goals and objec t ives were e s s e n t i a l . 
They f e l t goals help evaluate long-term planning, help interprete regu­
l a t i o n s and ordinances, and give d irec t ion to the drainage program. 
Some e lected o f f i c i a l s f e l t goals should be writ ten into the or­
dinance while others f e l t they should be contained in another document 
such as a general plan or reso lu t ion . Others f e l t goals were inherent 
31 
i n any document and need no t be. w r i t t e n s e p a r a t e l y . The p o l i t i c i a n s d i d 
not o f f e r any s p e c i f i c g o a l s bu t s e v e r a l s t a t e d t h a t t h e g o a l s shou ld be 
s p e c i f i c and s i m p l y s t a t e d i n c o n t r a s t t o some o f t he g e n e r a l and e l a ­
b o r a t e g o a l s c o n t a i n e d i n many p l a n n i n g d o c u m e n t s . 
Most of t h e p o l i t i c i a n s d i d not s e e any p a r t i c u l a r p rob lems , i n a r ­
r i v i n g a t s t a t e d g o a l s and o b j e c t i v e s f o r t h e i r d r a i n a g e p r o g r a m s . T h e i r 
g e n e r a l o p i n i o n was t h a t s o m e , g o a l s and o b j e c t i v e s were e s s e n t i a l . They 
c o u l d no t g i v e s p e c i f i c r e a s o n i n g why t h e i r p r e s e n t d r a i n a g e program 
e x i s t e d w i t h o u t some s t a t e d g o a l s and o b j e c t i v e s . 
I t i s Conc luded t h a t w i t h o u t p r o p e r l y d e f i n e d o b j e c t i v e s (bo th 
known t o t h e p e o p l e i n v o l v e d i n t he d r a i n a g e program and a c t u a l l y r e p r e ­
s e n t i n g t h e c o n s e n s u s o f o p i n i o n a s t o what t h e o b j e c t i v e s s h o u l d b e ) t h e 
major e f f o r t o f t he p e r s o n n e l i n v o l v e d w i t h t h e program i s w i t h t h e d a y -
t o - d a y p rob lems and t h e i r immedia te s o l u t i o n s ( t h i s may be a v a l i d o b ­
j e c t i v e o f the program bu t i t shou ld be s t a t e d a s s u c h ) . L i t t l e i f any 
t ime Is g i v e n t o any of t h e f o l l o w i n g i m p o r t a n t a s p e c t s o f t h e p rog ram, 
w h i c h would have a n impac t on l o n g r a n g e and immedia te p r o b l e m s : 
1 . l o n g r a n g e i m p l i c a t i o n s of p r e s e n t a c t i o n s , 
2. d i r e c t i o n and s c o p e of p r e s e n t d r a i n a g e p rog ram, 
3. e f f e c t i v e n e s s o f p r e s e n t d r a i n a g e p rog ram, 
4. c h a n g e s t h a t s h o u l d be made i n p r e s e n t p rog ram, 
5 . what i s b e i n g a c c o m p l i s h e d by t h e p r e s e n t p rogram and what 
t h e c i t y or c o u n t y wan t s t o a c c o m p l i s h . 
When q u e s t i o n s abou t t h e s e p o i n t s w e re b r o u g h t up i n t h e i n t e r ­
v i e w s , no one was a b l e t o g i v e d a t a t o s u p p o r t an answer one way or 
a n o t h e r . As a r e s u l t , o n l y p e r s o n a l o p i n i o n s were o b t a i n e d . 
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I t shou ld be p o i n t e d o u t t h a t h a v i n g s t a t e d o b j e c t i v e s w i l l no t 
g u a r a n t e e t h a t t h e above a s p e c t s w i l l r e c e i v e p rope r c o n s i d e r a t i o n , bu t 
shou ld a t l e a s t b r i n g some o f t h e s e a s p e c t s to t h e a t t e n t i o n o f the 
p o l i c y makers and t h o s e imp lemen t ing t h e d r a i n a g e p rog ram. 
T h u s , w h i l e t h e d r a i n a g e p e r s o n n e l f e l t some work toward e s t a b l i s h ­
ing o b j e c t i v e s was i m p o r t a n t , l i t t l e i n r e a l i t y has been done i n t h i s 
a r e a . T h i s p o i n t s t o t h e i m p o r t a n c e of s t a t e d r a t h e r t han i n h e r e n t o b ­
j e c t i v e s . S t a t e d o b j e c t i v e s would enhance c o n s i s t e n c y i n any e v a l u a t i o n s 
of d i f f e r e n t a s p e c t s o f t he program and would a l s o document c h a n g e s . 
S t a t i n g t h e o b j e c t i v e s would l e s s e n t h e c ha nc e o f m i s i n t e r p r e t a t i o n s and 
f o r g e t t i n g what t h e o b j e c t i v e s a r e . 
D r a i n a g e Conce rns 
B e f o r e any of t he a s p e c t s of an u rban d r a i n a g e program ( o r d i n a n c e s , 
s t a n d a r d s , e n g i n e e r i n g d o c u m e n t s , e t c . ) a r e c o n s i d e r e d , t he g e n e r a l d r a i n ­
age c o n c e r n s t h a t w i l l be d e a l t w i t h s h o u l d be d e t e r m i n e d . S e l e c t i o n o f 
t h e s e c o n c e r n s w i l l d e f i n e i n g e n e r a l t e rms t h e s c o p e and e x t e n t o f t h e 
d r a i n a g e p rogram. 
A l t h o u g h e a c h c i t y or coun ty shou ld d e t e r m i n e i t s own c o n c e r n s t o 
be d e a l t w i t h i n i t s d r a i n a g e p rogram, t h e f o l l o w i n g w e r e c o n s i d e r e d i n 
d r a f t i n g t he d r a i n a g e o r d i n a n c e d i s c u s s e d i n c h a p t e r I V . 
1. F lood C o n t r o l 
2. E r o s i o n and Sediment C o n t r o l 
3. Economic E f f i c i e n c y i n D r a i n a g e D e s i g n and F l o o d C o n t r o l 
4. I n s u r e t h e Use o f Good E n g i n e e r i n g P r a c t i c e s 
5 . P r o t e c t i o n f o r P r e s e n t and F u t u r e Development G i v e n C e r t a i n 
D e s i g n C o n s t r a i n t s 
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6. Equity i n Drainage Des ign and Implementat ion 
7 . Contro l Development w i t h i n the Flood P l a i n 
8. Provide Contro l s for the I n s t a l l a t i o n of Drainage Systems 
9. Maintenance 
I t i s up t o t h e l o c a l governing body to determine which of t h e s e 
a r e a s they want to i n c l u d e i n t h e i r d r a i n a g e program and then t o formulate 
o b j e c t i v e s w i t h i n t h e s e and any o t h e r a d d i t i o n a l a r e a s . 
Drainage Ordinance-A P o l i c y Statement 
The dra inage ord inance must be o f f i c i a l l y adopted by a governing 
body b e f o r e i t can be l e g a l l y a p p l i e d . As a r e s u l t , the p o l i t i c a l p r o ­
c e s s becomes the c o n t r o l l i n g f o r c e behind such a document. T h e r e f o r e , 
i t should be des igned so t h a t i t can be understood by e l e c t e d o f f i c i a l s 
and a id them i n the e x e c u t i o n of t h e i r r e s p o n s i b i l i t i e s . 
E l e c t e d o f f i c i a l s should not be d e a l i n g w i t h e n g i n e e r i n g c r i t e r i a 
or d e s i g n s t a n d a r d s . Also most e l e c t e d o f f i c i a l s are not a d m i n i s t r a t o r s 
and should not be p a r t i c u l a r l y concerned wi th the a d m i n i s t r a t i v e a s p e c t s 
of a dra inage program except as t h e s e a s p e c t s r e l a t e to budget c o n t r o l . 
E l e c t e d o f f i c i a l s should determine the o v e r a l l p o l i c i e s w i t h i n t h e i r 
j u r i s d i c t i o n . Thus, t o make the dra inage ord inance a v i a b l e part of the 
p o l i t i c a l p r o c e s s , i t should s e r v e a s a p o l i c y s ta t ement f o r t h e county 
or c i t y . Techn ica l d e t a i l s of t h e dra inage program should be inc luded 
e l s e w h e r e . 
Some a d m i n i s t r a t o r s p r e f e r laws which are v e r y d e t a i l e d and t r y 
to cover a l l problems t h a t may a r i s e i n a d m i n i s t r a t i o n of an o r d i n a n c e . 
In a d d i t i o n , they tend to i n c l u d e e n g i n e e r i n g c r i t e r i a and d e s i g n s t a n ­
dards i n order to encourage u n i f o r m i t y . The a d m i n i s t r a t o r s d e a l i n g w i t h 
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the p u b l i c f e e l they can be more f irm i n e n f o r c i n g the p r o v i s i o n s of an 
ord inance i f w r i t t e n i n t o law. I t i s contended , i f many members of the 
p u b l i c (or a few i n f l u e n t i a l ones ) complain to e l e c t e d o f f i c i a l s , t h e s e 
o f f i c i a l s may f i n d i t e a s i e r to u s e t h e i r p o l i t i c a l p r e s s u r e to a l l o w 
e x c e p t i o n s i f a po in t I s not w r i t t e n i n t o law. 
As proposed., the urban dra inage ord inance would be l i m i t e d to 
s t a t i n g s p e c i f i c p o l i c i e s . Engineer ing c r i t e r i a and t e c h n i c a l d e t a i l s 
would be c o n t a i n e d i n o ther documents i n order to f u l l y d i s c u s s t h e s e 
c r i t e r i a and d e t a i l s and keep them u p - t o - d a t e . E l e c t e d o f f i c i a l s could 
then r e f e r t e c h n i c a l q u e s t i o n s to t h e County Engineer ing Department and 
spend more t ime and e f f o r t d e a l i n g w i t h p o l i c y m a t t e r s . In order t o p r e ­
v e n t the Engineer ing Department from becoming c o m p l e t e l y autonomous from 
p u b l i c and p o l i t i c a l i n f l u e n c e , e n g i n e e r i n g documents should be s u b j e c t 
t o the approval of e l e c t e d o f f i c i a l s , w i t h o u t f o r m a l l y be ing enacted i n ­
t o law. This would encourage some u n i f o r m i t y and g i v e a d m i n i s t r a t o r s a 
ready r e f e r e n c e for d e a l i n g w i th problems and combating p o l i t i c a l p r e s ­
s u r e s to make e x c e p t i o n s . 
Fo l lowing are some examples of p o l i c i e s t h a t should be d e a l t w i t h 
i n an urban dra inage o r d i n a n c e . 
a. Should f l o o d p r o t e c t i o n be provided for f requent e v e n t s ( s a y , 
l e s s than 1 0 - y e a r s torms) or should p r o t e c t i o n a g a i n s t rare 
e v e n t s ( s a y , 50 or 100-year f l o o d s ) be provided? 
b. Should f l o o d p r o t e c t i o n be provided o n l y i n l a r g e dra inage 
areas or s m a l l ones a l s o , and i f s o , how smal l? 
c . Should the i n t e n t of t h e dra inage program be t o p a s s f l o o d i n g 
problems downstream or should measures be used to l e s s e n or 
a t l e a s t no t i n c r e a s e f l o o d i n g downstream? 
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d. Should the r e g u l a t i o n s and s t a n d a r d s o f a d r a i n a g e program 
v a r y from one p a r t o f t h e community t o a n o t h e r ? 
e . I s t h e coun ty or c i t y g o i n g t o m a i n t a i n t h e e n t i r e d r a i n a g e 
s y s t e m or j u s t c e r t a i n segments? 
f . Should r e t e n t i o n or d e t e n t i o n f a c i l i t i e s be c e n t r a l i z e d o r 
d e c e n t r a l i z e d , p u b l i c a l l y owned or p r i v a t e l y owned? 
g . What r e s t r i c t i o n s shou ld be p l a c e d on deve lopmen t w i t h i n the 
f l o o d p l a i n s ? 
h . What e r o s i o n c o n t r o l p r a c t i c e s , i f a n y , shou ld be adop ted? 
In the communi t i es s t u d i e d , the above p o i n t o f v i e w was no t f o l ­
lowed i n d r a f t i n g many o f t h e e x i s t i n g d r a i n a g e o r d i n a n c e s . Many of 
t h e s e o r d i n a n c e s e v o l v e d t h r o u g h the y e a r s and h a v e become complex d o c u ­
ments d e a l i n g w i t h many d e t a i l s of t he d r a i n a g e p rogram. In a d d i t i o n , 
t h e s e o r d i n a n c e s have d e a l t w i t h e n g i n e e r i n g c r i t e r i a and d e s i g n s t a n ­
d a r d s . 
One s t a n d a r d q u e s t i o n a sked i n each a r e a s t u d i e d was how d e s i g n 
s t a n d a r d s had o r i g i n a t e d . Almos t u n i v e r s a l l y t h e answer was t h a t t h e y 
d i d not know ( u s u a l l y b e c a u s e t h e d e c i s i o n s were made many y e a r s a g o ) o r 
t h a t t h e s t a n d a r d s had e v o l v e d from, p o l i t i c a l o r a d m i n i s t r a t i v e compro­
m i s e r a t h e r than h a v i n g some sound t e c h n i c a l b a s i s . 
When t h e i d e a o f u s i n g t h e d r a i n a g e o r d i n a n c e a s a p o l i c y s t a t e ­
ment was p r e s e n t e d , t h e o v e r a l l r e a c t i o n was f a v o r a b l e . The f o l l o w i n g 
comments encompass t h e g e n e r a l f e e l i n g s o f t h o s e i n t e r v i e w e d . 
1. Such an o r d i n a n c e would c l e a r l y i n d i c a t e t h e p o l i c i e s o f t h e 
government c o n c e r n i n g d r a i n a g e . Many o f t h e e x i s t i n g o r d i ­
n a n c e s t r y t o d e a l w i t h so much m a t e r i a l t h a t t h e y become 
v e r y complex and d i f f i c u l t t o u n d e r s t a n d . 
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2. By u s i n g t h e o r d i n a n c e a s a p o l i c y s t a t e m e n t , a l l e n g i n e e r i n g 
and d e s i g n c r i t e r i a and s p e c i f i c a t i o n s c o u l d be c o n t a i n e d i n 
o t h e r documents and c o n t i n u a l l y upda ted w i t h o u t c h a n g i n g the 
o r d i n a n c e ( s p e c i f i c c o n t r o l s c o u l d be put on t h e s e documents ) 
3. Such an o r d i n a n c e would a l l o w b o t h t h e p o l i t i c a l p r o c e s s and 
t he t e c h n i c a l p r o c e s s t o be used e f f i c i e n t l y w i t h i n i t s ma jo r 
a r e a o f c o n c e r n . 
As a r e s u l t of t h e s e comments, t h e model o r d i n a n c e p r e s e n t e d h e r e 
i s w r i t t e n i n terras o f a p o l i c y s t a t e m e n t . I t does not d e a l d i r e c t l y 
w i t h s p e c i f i c technical aspects o f an o v e r a l l d r a i n a g e program. 
F lood and E r o s i o n C o n t r o l Manual 
In f o r m u l a t i n g a d r a i n a g e p rogram, w r i t i n g the d r a i n a g e o r d i n a n c e 
would p r e c e d e t h e w r i t i n g o f any accompanying t e c h n i c a l o r e n g i n e e r i n g 
documen t s , so t h a t t h e s e l a t t e r documents w i l l r e f l e c t t h e t e c h n i c a l and 
e n g i n e e r i n g r e q u i r e m e n t s needed t o a d m i n i s t e r t h e o r d i n a n c e . To a v o i d 
p o s s i b l e c o n f u s i o n when r e a d i n g t h e p roposed model d r a i n a g e o r d i n a n c e 
t he f o l l o w i n g o u t l i n e and d i s c u s s i o n o f a F lood and E r o s i o n C o n t r o l 
Manual i s i n c l u d e d to g i v e t h e r e a d e r a g e n e r a l knowledge o f t h e c o n t e n t 
and s c o p e of such a document . 
F o l l o w i n g i s an o u t l i n e o f t o p i c s t h a t c o u l d be i n c l u d e d i n s u c h 
a manual . T h i s l i s t i s i n t e n d e d t o g i v e e x a m p l e s , no t t o be a l l i n c l u ­
s i v e . 
E n g i n e e r i n g D e s i g n C r i t e r i a and S t a n d a r d s 
D e s i g n Storms ( i f u s e d ) 
F lood P l a i n R e p o r t s 
F l o o d Maps ( F l o o d Maps, S o i l Maps , e t c . ) 
D r a i n a g e Easement C r i t e r i a 
Grad ing and D r a i n a g e P l a n s 
I n f o r m a t i o n t o be Shown on P l a n s 
Data R e q u i r e d 
G e n e r a l Format 
S p e c i a l Requ i rement f o r Sma l l A r e a s 
H y d r o l o g i c D e s i g n 
D e s i g n S t a n d a r d s f o r Smal l A r e a s 
D e s i g n S t a n d a r d s f o r L a r g e A r e a s 
R e t e n t i o n and D e t e n t i o n D e s i g n 
F lood P l a i n 
Method and G u i d e l i n e s f o r C a l c u l a t i o n s 
Water S u r f a c e C a l c u l a t i o n s 
E f f e c t s o f F i l l i n g and. E x c a v a t i n g i n 
t he F lood P l a i n 
C l o s e d C o n d u i t Sys tem 
Energy and H y d r a u l i c G r a d i e n t s 
C l o s e d C o n d u i t D e s i g n C a l c u l a t i o n s 
Open Channe l Sys tem 
Channe l S i z e and Shape 
Channe l M a t e r i a l s 
Energy and H y d r a u l i c G r a d i e n t s 
Channe l D e s i g n C a l c u l a t i o n s 
Energy D i s s i p a t i o n 
Storm Sewer A p p u r t e n a n c e s 
Curb I n l e t s 
G r a t e I n l e t s 
Yard I n l e t s 
Manholes 
Energy D i s s i p a t o r s 
I n l e t D e s i g n C a l c u l a t i o n s 
D e t e r m i n a t i o n o f C u l v e r t S i z e s 
I n l e t C o n t r o l 
O u t l e t C o n t r o l 
B a r r e l C o n t r o l 
C u l v e r t s i n S e r i e s 
E r o s i o n and Sediment C o n t r o l 
S e e d i n g and P l a n t i n g f o r E r o s i o n C o n t r o l 
M u l c h i n g 
S p e c i f i c P r a c t i c e s f o r L o c a l A p p l i c a t i o n 
P r o t e c t i o n o f Storm Sewer I n l e t s 
D i v e r s i o n and Berms 
S t r aw B a l e B a r r i e r s 
O t h e r Means 
S i l t B a s i n D e s i g n 
Sample E r o s i o n and S i l t a t i o n C o n t r o l P l a n s 
G r a d i n g P r a c t i c e 
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Cos t A l l o c a t i o n of D r a i n a g e Improvements 
O n - S i t e Improvements 
O f f - S i t e Improvements 
Combined F a c i l i t i e s 
M a i n t e n a n c e and O p e r a t i o n 
P r e s e n t Ma in t enance Programs 
R o l e s o f Governments and Owners 
F l o o d - P r o o f i n g 
Types o f F l o o d - P r o o f i n g 
E n g i n e e r i n g A s p e c t s 
F l o o d - P r o o f i n g O p e r a t i o n s 
T h i s manual would not be o f f i c i a l l y adop ted i n t o l aw by a g o v e r n ­
ment e n t i t y b u t c o u l d be s u b j e c t t o i t s a p p r o v a l and would be k e p t i n a 
form such t h a t i t c o u l d be c o n t i n u a l l y upda t ed and changed t o conform to 
t h e l a t e s t c o u n t y or c i t y p r o c e d u r e s . F a i r f a x County has u sed t h i s p r o ­
c e d u r e w i t h t h e i r E r o s i o n - S i l t a t i o n C o n t r o l Handbook (12). The Denver 
Urban Storm D r a i n a g e Manual i s c o n t a i n e d i n l o o s e - l e a f n o t e b o o k s so t h a t 
i t can be e a s i l y u p d a t e d , h o p e f u l l y w i t h d a t e d p a g e s (55). F o l l o w i n g i s 
a q u o t a t i o n from t h i s manual w h i c h f u r t h e r e m p h a s i z e s t h e need f o r u p ­
d a t i n g such a manua l . 
A c o m p i l a t i o n of e n g i n e e r i n g c r i t e r i a such a s t h e Urban D r a i n ­
a g e C r i t e r i a Manual i s a dynamic r a t h e r than s t a t i c vo lume and 
needs t o be r e v i e w e d and upda ted t o keep i t a b r e a s t o f d e v e l o p ­
ments i n t h e i m p o r t a n t and r a p i d l y expanding, f i e l d o f u rban 
s torm d r a i n a g e . I t i s t h e i n t e n t o f t h o s e r e s p o n s i b l e f o r t h e 
c o n c e p t i o n and deve lopmen t o f the Manual t o p e r i o d i c a l l y i s s u e 
r e v i s i o n s t o t he Manual w h i c h i n c o r p o r a t e new d a t a , methods o r 
c r i t e r i a and such o t h e r i n f o r m a t i o n a s may be deemed a p p r o ­
p r i a t e . 
The major t h r u s t o f t h e F lood and E r o s i o n C o n t r o l Manual i s t o 
p r e s e n t examples i n such d e t a i l t h a t a d e s i g n e n g i n e e r can d e t e r m i n e 
g e n e r a l l y what i s e x p e c t e d by the coun ty i n d i f f e r e n t d r a i n a g e and e r o ­
s i o n c o n t r o l d e s i g n s . The manual s h o u l d not be a l i m i t i n g document f o r c ­
i ng t h e e n g i n e e r t o u s e s t a n d a r d d e s i g n s and p r o c e d u r e s . S e v e r a l d e s i g n 
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examples shou ld b e g i v e n (and r e f e r e n c e s o f a d d i t i o n a l d e s i g n c r i t e r i a 
c i t e d ) w i t h l a t i t u d e f o r t h e d e s i g n e n g i n e e r to u s e h i s i m a g i n a t i o n and 
e n g i n e e r i n g j u d g m e n t . The manual s h o u l d have t h e c o n n o t a t i o n of a d o c u ­
ment t h a t s u g g e s t s and in fo rms r a t h e r t h a n l i m i t i n g or p r e s c r i b i n g . In 
a d d i t i o n , t h e manual would g i v e more c o m p l e t e d e f i n i t i o n s o f some o f t h e 
c o n c e p t s i n c l u d e d i n t he o r d i n a n c e , t han was p o s s i b l e i n t h e d e f i n i t i o n s 
s e c t i o n of t h e o r d i n a n c e . In t h e f o l l o w i n g c h a p t e r s ( e s p e c i a l l y C h a p t e r 
IV) numerous r e f e r e n c e s a r e made to t h e t y p e s o f i n f o r m a t i o n t h a t s h o u l d 
be c o n t a i n e d i n a F lood and E r o s i o n C o n t r o l Manual r a t h e r than w i t h i n t h e 
drainage ordinance. 
The County E n g i n e e r i n g Depar tment shou ld be e n t r u s t e d w i t h t h e r e ­
s p o n s i b i l i t y o f k e e p i n g t h e F lood and E r o s i o n C o n t r o l Manual u p - t o - d a t e . 
P e r i o d i c r e v i e w s of t h i s document s h o u l d be made ( s a y , e v e r y y e a r o r when 
major changes i n t h e manual o c c u r ) by e l e c t e d o f f i c i a l s o r a s p e c i a l com­
m i t t e e s e l e c t e d f o r t h i s p u r p o s e . T h i s would e n a b l e t h e e l e c t e d o f f i c i a l s 
t o be k e p t informed o f c h a n g e s w h i c h migh t a f f e c t s t a t e d p o l i c i e s and o b ­
j e c t i v e s , and a l s o p r o v i d e a c h e c k t o e n s u r e a sound b a s i s f o r a g i v e n u p ­
d a t e . I f n e e d e d , e l e c t e d o f f i c i a l s or commi t t ee members c o u l d o b t a i n o u t ­
s i d e o p i n i o n s on e n g i n e e r i n g and t e c h n i c a l m a t t e r s t o augment t h o s e p r o ­
v i d e d by t h e County E n g i n e e r i n g Depa r tmen t . 
CHAPTER IV 
MODEL URBAN DRAINAGE ORDINANCE 
The major objective of this study of urban drainage programs is to 
utilize the findings and experiences that several urban areas have had 
with their drainage programs in order to draft a model drainage ordinance 
that could be used with minor modifications to fit local conditions by 
both urbanized and urbanizing areas. The following diagram shows the 











Step 1 - Interviews with County and City employees, engineers, 
elected officials, and others involved in local drain­
age 
Step 2 - Review of the publications pertaining to drainage ob­
tained from the persons interviewed and of other perti­
nent material (including technical literature, existing 
ordinances, and information available on the computer 
simulation study in DeKalb County, Georgia) 
Step 3 - Compilation of the information into suitable problem 
categories for use in drafting a model urban drainage 
ordinance 
Step 4 - Preparation of the model urban drainage ordinance 
The introduction and first two chapters discussed the first two 
steps. The Problem Categorization in Step 3 involved organizing the 
information on problem areas obtained through the interviews, the 
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technical guidance provided by the data base and the provisions of exist­
ing ordinances into general categories to be covered by the model ordi­
nance such as flood plain district uses, improvements required and mainte­
nance. The grouped information was then used to formulate the section of 
the ordinance for dealing with the problem as follows: 
1. All ordinance provisions within a category were compared 
to identify similar approaches and contradictions. 
2. The technical information and problem descriptions were then 
reviewed in order to assess the adequacy of the existing 
o r d i n a n c e s and establish points on which changes are needed. 
3. The provisions of the model ordinance were then drafted 
using provisions from the ordinances studied plus infor­
mation from the interviews and the data base. The model 
ordinance is presented in this chapter, and each section 
is followed with a discussion of its provisions. 
Many of the provisions in the model ordinance are based on several 
ordinances and thus no particular ordinance is directly referenced. The 
commentary following each provision references the communities having 
regulations similar to those in the model ordinance. 
Much of the information used to document why particular provisions 
and concepts were included in a specific ordinance or drainage program 
was obtained from personal interviews. Many times the person interviewed 
gave comments about his particular program or drainage ordinance that 
must be treated as confidential, and thus reference to particular indi­
viduals is usually not included in this thesis. Reference in this 
chapter will be made to the city or county personnel and not to 
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particular individuals. 
The model urban drainage ordinance is divided into 19 sections. 
Each section contains one or more related provisions followed by a com­
mentary which documents why the provisions are included and how they re­
late to the practices in the areas studied. In the following chapter, 
the provisions are given in italics to aid the reader in distinguishing 
provisions of the ordinance from the commentary. 
During the ensuing sections of this chapter the terms County Engi­
neering Department and County Engineer will be used. If a Public Works 
Department, Roads and Drainage Department, Community Development De­
partment or some other agency will have the primary responsibility of 
enforcing this ordinance, the appropriate terms should be substituted 
for those used in this text. The ordinance is written for use by any 
type of local government (county, city, village, etc.), but to be con­
sistent with the above terms, the word County will be used to represent 
the different types of local governments. 
Except for Sections 4.0, 5.0, 6.0, and 7.0 of the following: ordi­
nance, the provisions of this ordinance apply to all development within 
the County's jurisdiction. Sections 4.0 - 7.0 apply only to develop­
ment within the designated flood plain district. It will be noted 
throughout the ordinance that many provisions refer to a development per-
permit. This permit is issued by the County and is needed to proceed 
with any development operations within the County's jurisdiction (in­
cluding clearing, grabbing, grading, filling, excavation, or any other 
development operations). 
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S e . c t i o n 1 . 0 - Scope 
T i i i s oA-duiancc awiewda ayid S u p p l e m e n t s t h e . f o l l o w i n g o r d i n a n c e s : 
1 . S u b d i v i s i o n O r d i n a n c e [ T i t l e ] , 
2 . Z o n i n g On.di.Yia.nce [ T i t l e ] , 
3. B u i Z d i n g CoyihtAu.cJu.OYi O r d i n a n c e , [ T i t l e . ] , 
4 . Ant/ o t h e n . o r d i n a n c e r e l a t e d t o t h e p r o p o s e d dAoU.na.Q2. 
o r d i n a n c e . . 
Commentary 
Section, 1.0 - Scope. This ordinance should be designed to comple­
ment and supplement, rather than c o n f l i c t and overlap with ex i s t ing or­
dinances. Thus the in terre la t ionsh ips between th i s ordinance and e x i s t ­
ing ordinances are important and reference to these ordinances should be 
included in th i s ordinance. Section 1.0 l i s t s typica l ordinances that may 
e x i s t . This i s cons is tent with most of the ordinances s tudied . 
Se.ction 2 . 0 - Ve ̂ initio n s 
Von. t h e . purpui>e o{) t h i s ordinance., t h e . following de{\i.nitioYis 
4 k a l i , a p p l y -
2 . 0 1 C h a n n e l - a n a t u A a l o n a r t i f i c i a l w a t e r c o u r s e o { \ p e r ­
c e p t i b l e e x t e n t , w i t h a d e f i n i t e b e d a n d b a n k s t o c o n ­
f i n e a n d c o n d u c t c o n t i n u o u s l y on. p e r i . o d i c a l l y f l o w i n g 
10atqa . C h a n n e l . & l o w t h u s i s t h a t w a t e r w h i c h L b f l o w ­
i n g w i t h i n t h e l i m i t * o& t h e . d e f i n e d c h a n n e l . 
2 . 0 2 VeXe.yvU.on S t o r a g e . - h t o n m runo&fa c o l l e c t e d a n d b t o r e d 
far a b h o r t p e r i o d o{) t i m e , a n d t h e n r e l e a s e d a t a K a t e , 
m u c h l e b b t h a n t h e . I n f l o w K a t e . . 
2. 03 Vevclopen - any penson who acts in \\is own behalf 
on. as the agent oh. an ownen of pn.openty and engager 
In altdn.ati.on of land on. vegetation in ph.epan.ation 
fon. conhtAuction activity. 
2.04 Ve.vzJLopmz.nt - any action tn preparation fon. con­
struction activity which results in an alteration 
oh eitheA land on. vegetation. 
2.05 Vevelopment PeAm.it: - permit issued by the. County 
which is nce.de.dbe.loAe. any development openations 
can be started [including clearing, grubbing, grad­
ing, 6-iZli.ng, excavation, on. any other development 
operations). 
2.06 Vrainage - a geneAal term applied to the removal of 
surface: on. subsurface wot en. from a given anea either 
by gravity on. by pumping, commonly applied herein to 
surface water. 
2.07 Vn.ai.nage System - the surface and subsurface system 
^on. the removal of watch. from the. land, including 
both the natural element* of streams, man*hes, 
swales avid ponds, whether of an intermittent on. con­
tinuous nature, and man-made element* which include 
culverts, ditches, channels, storage facilities, 
and the storm sewer system. 
2. OS Erosion - the geneAal process wheneby boils are 
moved by flowing surface on. bub*UAface wateh.. 
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2*09 Flood - a tempo nary nib2. in the level of rivers, 
streams, wateAcourses, and lakes which nesults in 
inundation of areas not ordinanity covered by 
water. 
2.10 100-Year Flood - a flood which has the probability 
of occurring once eveny 100 years or having a one 
(1) percent chance of occurring each yean.. 
1.11 flood Plain - the land adjacent to a body of water 
which has been or may be covered by flood water in­
cluding bat. not limited to the 100-year flood., 
1.11 flood Plain district - land use district, desig­
nated by the County, which is enclosed within and 
bounded by the limits of the 100-year flood con­
tour elevation. 
1.13 Flood-Proofing - a combination of structural pro­
visions, changes, on adjustments to properties 
and structures subject to flooding primarily for 
the reduction or elimination of flood damages to 
properties, water and sanitaryfacilities, struc­
tures, and contents of buildings. 
2.14 Hydrologic and Hydraulic Study - engineering study 
to determine rates, volumes, and distribution of 
storm runoff. 
1. 15 Retention Storage - storm runoff collected and 
stored for a significant period of time, and re­
leased after the storm runoff has ended. 
Retention storage, is o^ten associated with "wet 
reservoirs1' which have special recreational or 
aesthetic uses centered around a minimum pool. 
2.16 Storage Facility Study - engineering study to de­
termine If retention and/or detention storage fa­
cilities are needed to control storm runo{){) farom 
a development: 
2.17 Obstruction - any dam, wall, wharj, embankment, 
levee, dike, pile, abutment, projection, excavation, 
channel rectification, b nidge, conduit, culvert, 
building, wire, fence, rock, gravel, refuse, {ylll, 
structure, or matter In, along, across, or pro­
jecting Into any channel, watercourse, or flood 
plain area wluch may impede, retard, or change 
the direction of the flow of water, either In 
Itself or by eatclvlng or collecting debris carried 
by s uch water, or that is placed where the flow 
oft water might carry the borne downstream to the 
damage of life or property. 
2.1S Sedimentation - The processes that operate at 
or near the surface o{) the ground to deposit 
soils, debris, and other materials either on 
other ground surfaces or In water channels. 
Commentary 
S e c t i o n 2 . 0 - D e f i n i t i o n s . T h e s e d e f i n i t i o n s a r e i n c l u d e d t o 
c l a r i f y some o f t h e t e r m s and c o n c e p t s u s e d i n t h e d i f f e r e n t s e c t i o n s 
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o f t h i s m o d e l u r b a n d r a i n a g e o r d i n a n c e . A more c o m p l e t e d e f i n i t i o n and 
d i s c u s s i o n ( i n c l u d i n g i l l u s t r a t i o n s and e x a m p l e s ) o f many o f t h e s e t e r m s 
and c o n c e p t s a r e g i v e n i n t h e C o u n t y ' s F l o o d and E r o s i o n C o n t r o l M a n u a l . 
Most o f t h e o r d i n a n c e s s t u d i e d i n c l u d e d a d e f i n i t i o n s s e c t i o n s i m i l a r t o 
S e c t i o n 2 . 0 o f t h i s m o d e l o r d i n a n c e . 
Section 3.0 - Statement of Objectives 
3.01 Protect human life and health 
3.02 Minimize public and private property damage result­
ing from erosion, sedimentation and flooding. 
3.03 Regulate use of flood plains fon development, flit, 
dumping, storage of materials, structures, build­
ings, utilities, or any other work which acting 
alone or in combination with other existing or 
future uses will increase flood heights and ve­
locities, upstream or downstream from proposed 
use, by obstructing flows and reducing valley 
storage. 
3.04 Regulate development which may, when acting alone 
or in combination with similar developments, 
create a demand for public investment in flood-
control works by requiring protection against 
flood damage at the time of initial construction 
and afterwards. 
3.05 Ensure, as far as possible, an efficient drainage 
system that will not result in excessive public 
or private moneys being used for maintenance and 
< i e . p l a c c j n e . n t of p o r t i o n s of t h e . s y s t e m . 
3 . 0 6 EnsUAC. t h a t t h e . d e s i g n of t h e d r a i n a g e s y s t e m w i l l 
b e c o n s i s t e n t w i t h g o o d e n g i n e e r i n g p r a c t i c e a n d 
d e s i g n . 
3 . 0 7 P r o v i d e t e m p o r a r y a n d p e r m a n e n t e r o s i o n a n d s e d i ­
m e n t c o n t r o l m e a s u r e s t o p r o t e c t I n d i v i d u a l s o c ­
c u p y i n g l a n d a d j a c e n t t o a n d d o w n s t r e a m f r o m p r o ­
p o s e d d e v e l o p m e n t s f r o m b e i n g d a m a g e d b y s e d i m e n t 
o r i g i n a t i n g f r o m w i t h i n o r b e c a u s e o i t h e p r o ­
p o s e d d e v e l o p m e n t . 
3 . 0 8 C o n t r o l f l o o d p l a i n u s e s t o b e c o n s i s t e n t w i t h a p ­
p r o v e d l a n d u s e p l a n s f o r t h e f l o o d p l a i n a r e a s 
a n d c o o r d i n a t e d w i t h p l a n s f o r t h e t o t a l c o m m u n i t y . 
3. 0 9 P r o v i d e f o r d e v e l o p m e n t of a r e a s w i t h m i n i m u m a d ­
v e r s e e f f e c t s t o t h e n a t u r a l e n v i r o n m e n t . 
3 . 1 0 E n c o u r a g e w i s e u s e of t h e C o u n t y ' s e c o n o m i c a n d 
f i s c a l r e s o u r c e s . 
3 . 1 1 d i s c o u r a g e d e v e l o p m e n t I n a r e a s s u b j e c t t o f l o o d i n g 
p r o b l e m s . 
3 . 1 2 E n c o u r a g e e c o n o m i c a l u s e s a n d d e s i g n s I n f l o o d 
p l a i n a r e a s . 
3 . 1 3 P r o v i d e a m e a n s of p l a c i n g p o t e n t i a l o w n e r s , b u i l d ­
e r s , d e v e l o p e r s , a n d t h e g e n e r a l p u b l i c o n n o t i c e 
of p o t e n t i a l f l o o d h a z a r d s . 
3 . 1 4 U t i l i z e e x i s t i n g c h a n n e l c a p a c i t y f o r f l o o d f l o w s 
b e f o r e u s i n g o n - s i t e s t o r a g e o r o t h e r s t r u c t u r a l " 
m e a s u r e s . 
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3.7 5 U t i l i z e a p p r o p r i a t e p u b l i c o p e n s p a c e f o r b o t h , 
o p e n s p a c e u s e s [ p a r k s , r e c r e a t i o n a l u s e s , e t c . ) 
a n d t h e t e m p o r a r y s t o r a g e of e x c e s s s t o r m w a t e r s . 
'fr 
3. 76 K e e p t h e d r a i n a g e s y s t e m a s n a t u r a l a n d a e s t h e t i ­
c a l l y p l e a s i n g a s p o s s i b l e . 
3.7 7 d e v e l o p a c o m p r e h e n s i v e d r a i n a g e p l a n f o r t h e a r e a k 
t o h a n d l e s t o r m r u n o f f s a f e l y a n d e f f i c i e n t l y . 
3 . 1 8 P r o v i d e f o r p u b l i c a w a r e n e s s of t h e f l o o d i n g p o ­
t e n t i a l . 
Commentary 
Section 3.0 - Statement of Objectives. Although all of the above 
objectives were included or implied in the drainage programs of one or 
more of the areas studied, only one area had specifically and clearly 
listed the objectives of their drainage program. The objectives of the 
other areas were scattered through several ordinances and/or publications 
or were not in written form but were expressed and identified as objec­
tives during the interviews. Thus there is no guarantee that these ob­
jectives had been given careful consideration or that they could be con­
sidered representative of the County's objectives in their drainage pro­
gram. 
Of the areas studied only two had included, in one form or another 
eleven or more of the above objectives in their program. Four of the 
areas had Included six or m o r e , while two areas had no stated or implied 
objectives for their drainage program. 
Except for DeKalb County, all of the areas studied had started 
their drainage programs by proposing and enacting ordinances and 
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r e g u l a t i o n s wi thout f i r s t s t a t i n g any s p e c i f i c o b j e c t i v e s for the p r o ­
grams. Severa l of the peop le i n t e r v i e w e d , i n each o f the areas s t u d i e d , 
i n d i c a t e d t h a t l o g i c a l l y the formula t ion of o b j e c t i v e s should be one of 
the f i r s t s t e p s i n d e v e l o p i n g a dra inage program. This may have been 
done at the i n c e p t i o n of the d i f f e r e n t dra inage programs s t u d i e d , but 
for one reason or a n o t h e r , t h e r e was no w r i t t e n in format ion to document 
many of t h e s e o b j e c t i v e s . 
The u s u a l reasons g i v e n for not having o b j e c t i v e s were one or 
more of the f o l l o w i n g : 
1. t h e drainage program has evolved through the years 
w i t h l i t t l e thought to s h o r t or long term o b j e c t i v e s , 
2. t h e r e was an immediate need for an ordinance or r e ­
g u l a t i o n and not t ime to e v a l u a t e or determine s p e ­
c i f i c o b j e c t i v e s , 
3. t h e r e had been no thought g i v e n to de termining o b ­
j e c t i v e s , 
A . a l though t h e r e was g e n e r a l agreement on adopt ing an 
ord inance t h e r e was riot agreement on the o b j e c t i v e s 
or reasons for suppor t ing i t and thus a l i s t of s p e ­
c i f i c o b j e c t i v e s was not formal ly adopted or even 
drawn up. Sometimes t h i s i s a good reason for not 
having o b j e c t i v e s . I f g e n e r a l agreement on o b j e c ­
t i v e s cannot be obta ined and t h i s p r e v e n t s adopt ion 
of dra inage o r d i n a n c e , i t might be b e s t t o l e a v e o b ­
j e c t i v e s out of the dra inage program. A f t e r the o r ­
d inance has been i n e f f e c t for a per iod of t i m e , 
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it might then be easier to gain acceptance of some 
objectives, 
5. The original objectives, when the ordinance was 
adopted, had been forgotten through the years with­
out any thought given to keeping a record of them 
t or documenting changes. It was just assumed that 
everyone realized what the objectives were, 
A detailed specification of objectives is a necessary part of any 
drainage program and serves several important functions: 
1. promotes public understanding of the objectives of 
the ordinance and drainage program, 
2. promotes judicial understanding of the objectives 
of the ordinance, 
3. serves as a check list to determine whether or riot 
the ordinance covers all of the areas the city or 
county wishes to include, 
4. outlines the direction and scope of the drainage 
program, 
5. serves as a means to evaluate the effectiveness of 
the ordinance and drainage program. 
When objectives were discussed in the interviews, there was agree­
ment that some objectives should be included in a drainage program. Thus, 
it is difficult to understand why objectives, which seem in this study to 
be universally accepted as an integral part of any drainage ordinance and/ 
or program, were not included in so many of the ordinances studied. The 
interviews clearly indicated that the persons involved with drainage 
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p r o g r a m s f e l t s p e c i f i c o b j e c t i v e s w e r e i m p o r t a n t e v e n i f t h e i r p r o g r a m 
h a d n o n e . 
I t s h o u l d b e r e m e m b e r e d t h a t s p e c i f i c o b j e c t i v e s a d o p t e d f o r a n y 
a r e a s h o u l d b e t a i l o r e d t o f i t l o c a l c o n d i t i o n s a n d t h e l o c a l d r a i n a g e 
p r o g r a m . T h e l i s t o f o b j e c t i v e s g i v e n i n t h i s s e c t i o n , g i v e s e x a m p l e s 
o f t y p i c a l o b j e c t i v e s w h i c h m i g h t b e i n c l u d e d i n a n u r b a n d r a i n a g e o r ­
d i n a n c e . L o c a l a r e a s m a y w a n t t o d e l e t e o r a d d t o t h i s l i s t . 
S e c t i o n 4 . 0 - E s t a b l i s h m e n t of F l o o d P l a i n . D i s t r i c t 
4 . 1 l a n d s t o w h i c h t h i s S e c t i o n a p p l i e s - M l of t h a t 
a r e a I n s i d e t h e 1 0 0 - y e a n , f t o o d c o n t o u n . e l e v a t i o n s 
a l o n g s t r e a m s on, o t h e r d r a l n a g e w a y s d r a i n i n g f i v e 
a c r e s o r m o r e I s c l a s s i f i e d a s b e i n g w i t h i n a 
f l o o d p l a i n d i s t r i c t . 
C o m m e n t a r y 
S e c t i o n 4 . 1 - L a n d s t o w h i c h t h i s S e c t i o n A p p l i e s . T h i s s e c t i o n 
s e t s u p a s i n g l e f l o o d p l a i n d i s t r i c t b a s e d o n t h e 1 0 0 - y e a r f l o o d . I n 
c o n t r a s t t o t h i s a p p r o a c h , I n g h a m C o u n t y u s e s t w o d i s t r i c t s , a f l o o d w a y 
a n d a f l o o d f r i n g e , t o d e f i n e t h e i r f l o o d p l a i n . T h e y d e f i n e a f l o o d w a y 
a s , " t h e c h a n n e l o f a s t r e a m a n d t h o s e p o r t i o n s o f t h e f l o o d p l a i n a d ­
j o i n i n g t h e c h a n n e l t h a t a r e r e q u i r e d t o c a r r y a n d d i s c h a r g e t h e f l o o d 
w a t e r o r f l o o d f l o w s o f a n y r i v e r o r s t r e a m i n c l u d i n g b u t n o t l i m i t e d t o 
f l o o d f l o w s a s s o c i a t e d w i t h t h e i n t e r m e d i a t e r e g i o n a l f l o o d . A f l o o d 
f r i n g e i s t h a t p o r t i o n o f t h e f l o o d p l a i n o u t s i d e t h e f l o o d w a y . " A l ­
t h o u g h t h e u s e o f t h e s e t w o d i s t r i c t s I s a l s o e n c o u r a g e d i n s o m e o f t h e 
l i t e r a t u r e concerning f l o o d p l a i n d e l i n e a t i o n , i t w a s f o u n d i n t h i s s t u d y 
t h a t i n m a n y a r e a s s u f f i c i e n t d a t a i s n o t a v a i l a b l e t o a c c u r a t e l y d e f i n e 
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t w o d i s t r i c t s . I t w a s a l s o b r o u g h t o u t i n t h e i n t e r v i e w s t h a t m a n y p e o ­
p l e d o n o t f e e l t h e r e i s a n e e d f o r m o r e t h a n o n e d i s t r i c t a n d t h a t t w o 
d i s t r i c t s m i g h t b e h a r d e r t o a d m i n i s t e r a n d c o n f u s i n g t o e n g i n e e r s a n d 
d e v e l o p e r s . F o r t h e s e r e a s o n s , a s i n g l e f l o o d p l a i n d i s t r i c t i s u s e d a s 
t h e b a s i s f o r t h i s o r d i n a n c e . 
T h e F e d e r a l I n s u r a n c e A d m i n i s t r a t i o n i s p r o p o s i n g t o d o f l o o d 
p l a i n s t u d i e s i n c o n j u n c t i o n w i t h t h e F e d e r a l F l o o d I n s u r a n c e P r o g r a m . 
I n t h e s e s t u d i e s a " f l o o d w a y " a n d " f l o o d - f r i n g e " w i l l b e d e l i n e a t e d . 
T h e f l o o d w a y w i l l b e d e s i g n e d t o c a r r y t h e d e e p a n d f a s t - m o v i n g w a t e r s 
w h i l e t h e f l o o d f r i n g e w i l l u s u a l l y c o n t a i n s h a l l o w a n d s l o w - m o v i n g 
w a t e r s . I n m a n y c o m m u n i t i e s , t h e s e s t u d i e s w i l l n o t b e c o m p l e t e d f o r 
s e v e r a l y e a r s . I n o r d e r t o a d o p t a n o r d i n a n c e n o w , i t w i l l b e m u c h 
e a s i e r f o r t h e s e c o m m u n i t i e s t o u s e t h e s i n g l e f l o o d p l a i n d i s t r i c t 
d e s c r i b e d a b o v e . A s t h e s e F I A s t u d i e s b e c o m e a v a i l a b l e c o m m u n i t i e s 
p a r t i c i p a t i n g i n t h e f l o o d i n s u r a n c e p r o g r a m w i l l b e r e q u i r e d t o 
c h a n g e t h e i r d r a i n a g e o r d i n a n c e t o i m p l e m e n t t h e m . T h e f o l l o w i n g 
c h a n g e s i n t h e p r o p o s e d m o d e l u r b a n d r a i n a g e o r d i n a n c e w i l l b e n e c e s ­
s a r y t o c o m p l y w i t h F I A r e q u i r e m e n t s : 
1 . S e c t i o n 4 . 0 - T h i s s e c t i o n w i l l h a v e t o b e c h a n g e d s o t h a t 
a F l o o d w a y D i s t r i c t a n d F l o o d - F r i n g e D i s t r i c t a r e u s e d i n ­
s t e a d o f a s i n g l e F l o o d P l a i n D i s t r i c t . T h e l i m i t s o f t h e s e 
d i s t r i c t s w i l l b e d e f i n e d i n t h e F I A s t u d i e s . 
2 . S e c t i o n 5 . 0 - C h a n g e t h e w o r d i n g f r o m F l o o d P l a i n D i s t r i c t 
t o F l o o d w a y D i s t r i c t . 
3 . Add a s e c t i o n d e a l i n g w i t h F l o o d - F r i n g e D i s t r i c t u s e s . T h i s 
s e c t i o n s h o u l d d e s c r i b e u s e s a l l o w e d i n t h e F l o o d - F r i n g e 
54 
District in addition Lo those allowed in the Floodway Dis­
trict. This section should also contain provisions for 
special-permit uses within the Flood-Fringe District. 
4. Section 8.0 - The FIA studies would be used to establish 
the Floodway and Flood-Fringe Districts and thus other hydro-
logic and hydraulic studies would not be needed to delineate 
flood plain areas. , 
Although any design flood can be used as the basis for the deter­
mination of a flood plain (25, 50 and 100-year design floods were used in 
the different areas studied) the use of the 100-year flood is becoming a 
standard practice throughout the country. One reason is that the Federal 
Government's Flood Insurance Program is based on the 100-year flood. Al­
so, the U.S. Army Corps of Engineers Flood Plain Information reports are 
based on the intermediate regional flood (100-year flood). Several of 
the areas studied that had recently used a design flood other than the 
100-year flood (Fulton County, Fairfax County, Atlanta and Tampa) are 
now changing to the 100-year flood or are planning to in the future. 
In addition (Tampa, Chicago) have used historical peak flows to delineate 
their flood plains. Using historical peak flows presents problems since 
the indicated flood plains over the entire area under consideration will 
not necessarily be based on the same severity of flood. Also, since the 
return period of the storm is usually not known, the probability of flood­
ing the areas adjacent to such a flood plain is not known. 
The other major source of flood plain information used by several 
areas was Soil Conservation Service Soil Maps indicating alluvial de­
posits. The use of these maps is very popular in those sections of the 
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Atlanta Metropolitan Area where hydrologic and hydraulic studies are not 
available. These maps have found their greatest use as a rough indica­
tion of the limits of the flood plain, as indicated by soil deposits. 
After establishing that the soil deposits indicate the presence of a 
flood plain, a detailed engineering study is done to determine the 
evaluation of the 100-year flood. 
A report by Dale E. Parker, Gerhard B. Lee, and Douglas A. Yanggen 
entitled, "Using Soil Maps to Delineate Floodplains in a Glaciated Low-
Relief Landscape" ( 3 7 ) , gives some indication of the problems involved in 
using soil maps to delineate flood plain boundaries. In this study flood 
plain boundaries determined by engineering methods were superimposed on 
detailed soil maps along two reaches of the Root River watershed in south­
eastern Wisconsin. The topography of this area is characterized by gent­
ly undulating plains with broad ridges and shallow valleys. 
Following are the major results from this study: 
1. the 10-year and 100-year floods, as predicted by engineer­
ing methods, exceed the limits of alluvial soils in young 
glaciated landscapes, 
2 . soil maps do not provide information on flood elevation, 
stream velocity, or specific flood frequency, 
3 . it should be noted that flood patterns in urban areas, 
where structures, fills, and other man-made disturbances 
have greatly altered the natural hydrology, are especial­
ly difficult to predict from soil maps alone. For this 
reason, soil maps can be used more successfully to de­
lineate flood plains in rural areas. 
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In contrast to the results of the above study, in the Atlanta 
Metropolitan Area the flood plain areas indicated by soils are generally 
larger than those indicated by engineering studies. 
In order to administer an equitable and consistent drainage or­
dinance throughout an area, some design flood should be selected and the 
appropriate studies done to determine the location of the flood plain ele­
vation. For this reason, and in line with the above discussion, the 100-
year flood was chosen to designate the boundaries of the flood plain di­
strict . 
In order not to have to analyze the 100-year flood plain in every 
drainage swale and gutter throughout the County, some lower limit of 
drainage area (five acres) was selected. This was done for administra­
tive convenience and the lower limit could be adjusted depending on local 
conditions. 
4.2 Oetenmi nation of the 100-year Flood Contour. Elevati.ons -
The. recommended procedun.es to be. followed In order to 
determine, the: appropriate elevations of the 100-year 
flood are outlined and discussed In the County's Flood 
and Erosion Control Manual. In addition this manual 
Hits all approved flood plain reports and maps. 
Commentary 
Section 4.2 - Determination of the 100-Year Flood Contour Eleva­
tions . Ideally the County should prepare a map of the. entire area under 
their jurisdiction with the 100-year flood contour elevation shown on it. 
In many cases, however, (including all of the areas studied) information 
is not available to do this. In Ingham County, Fairfax County, and 
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D E K A L B C O U N T Y T H E C O M P U T E R S I M U L A T I O N S T U D I E S , C U R R E N T L Y I N P R O G R E S S , W I L L 
G I V E T H E S E C O U N T I E S T H E A B I L I T Y TO P R E P A R E S U C H A M A P AND K E E P IT U P TO 
D A T E . I N L I E U O F T H I S , A L T E R N A T E P R O C E D U R E S C O U L D B E F O L L O W E D : 
1. A LIST O F A P P R O V E D R E P O R T S AND M A P S THAT E S T A B L I S H T H E 100-
Y E A R F L O O D C O N T O U R E L E V A T I O N F O R S P E C I F I C A R E A S S H O U L D B E 
L I S T E D I N T H E C O U N T Y ' S F L O O D AND E R O S I O N C O N T R O L M A N U A L . 
( T H O S E R E P O R T S W H I C H A R E O U T D A T E D D U E TO U R B A N I Z A T I O N OR 
O T H E R C H A N G E S S H O U L D B E E X C L U D E D . ) 
2. W H E N AN A R E A B E I N G P R O P O S E D FOR D E V E L O P M E N T IS NOT C O V E R E D B Y 
any available R E P O R T S , AN E N G I N E E R I N G S T U D Y S H O U L D B E R E Q U I R E D 
I N O R D E R TO E S T A B L I S H T H E W A T E R - S U R F A C E E L E V A T I O N O F T H E 100-
Y E A R F L O O D . 
3. S O I L S M A P S W H I C H I N D I C A T E T H E E X T E N T O F A L L U V I A L D E P O S I T S CAN 
B E U S E D AS AN A P P R O X I M A T I O N O F T H E L I M I T S O F T H E F L O O D P L A I N 
BUT T H E D E V E L O P E R S H O U L D B E F R E E TO H A V E AN E N G I N E E R I N G S T U D Y 
D O N E TO V A L I D A T E T H E R E S U L T S O F T H E S E M A P S . IT H A S B E E N T H E 
E X P E R I E N C E O F T H E C O B B C O U N T Y E N G I N E E R I N G D E P A R T M E N T THAT 
T H E S E S O I L S M A P S U S U A L L Y I N D I C A T E A F L O O D P L A I N M U C H L A R G E R 
T H A N THAT I N D I C A T E D BY A P P R O P R I A T E E N G I N E E R I N G S T U D I E S . I N 
S O M E A R E A S S O I L M A P S H A V E I N D I C A T E D FLOOD P L A I N S S M A L L E R T H A N 
T H O S E I N D I C A T E D B Y E N G I N E E R I N G S T U D I E D AND T H U S T H E C O U N T Y 
M A Y P R E F E R NOT TO A L L O W T H E U S E O F S O I L M A P S FOR FLOOD P L A I N 
D E L I N E A T I O N I N T H E S E A R E A S . 
4 . M A P S I N D I C A T I N G T H E C O N T O U R S O F T H E H I S T O R I C A L P E A K FLOWS C A N 
A L S O B E U S E D TO I N D I C A T E T H E FLOOD P L A I N A R E A S B U T A G A I N T H E 
D E V E L O P E R S H O U L D B E F R E E TO H A V E AN E N G I N E E R I N G S T U D Y D O N E TO 
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d e t e r m i n e t h e e v a l u a t i o n o f t h e 100-year f l o o d . 
I n a l l o f the. a r e a s s t u d i e d o n e o r m o r e o f t h e a b o v e p r o c e d u r e s 
w e r e u s e d . 
T h e d e t a i l s o f r e c o m m e n d e d p r o c e d u r e s t o b e f o l l o w e d i n p r e p a r i n g 
a n e n g i n e e r i n g s t u d y s h o u l d b e d e a l t w i t h i n t h e C o u n t y ' s F l o o d a n d E r o ­
s i o n C o n t r o l M a n u a l . T h i s e l i m i n a t e s t h e n e e d t o g o i n t o e n g i n e e r i n g d e r 
t a i l s i n t h e o r d i n a n c e a n d a l l o w s t h e s e p r o c e d u r e s t o b e c o n t i n u a l l y u p ­
d a t e d . T h i s h a s p r o v e d v e r y e f f e c t i v e i n F a i r f a x C o u n t y w h e r e t h e r e E r o ­
s i o n C o n t r o l M a n u a l . i s k e p t i n a d r a f t f o r m s o i t c a n b e e a s i l y u p d a t e d . 
T h i s m a n u a l i s u p d a t e d b y t h e D e v e l o p m e n t D e p a r t m e n t . T h e F a i r f a x C o u n t y 
p e r s o n n e l i n d i c a t e d t h a t t h i s a p p r o a c h i s w o r k i n g q u i t e w e l l a n d h a s a l ­
l o w e d t h e m t h e f l e x i b i l i t y n e c e s s a r y t o k e e p t h e i r e r o s i o n c o n t r o l p r o ­
g r a m r e l e v a n t a n d u p - t o - d a t e . R e c o m m e n d e d p r o c e d u r e s f o r u p d a t i n g s u c h 
a m a n u a l w e r e d i s c u s s e d i n C h a p t e r I I I . 
4.3 Warning and 'Disclaimer of Liability - The de.gh.ee-of 
regulation required, by this ordinance is considered 
to provide a reasonable level of flood protection 
and is based on engineering; and scientific methods 
of study. Larger floods may occur or flood \viights 
may be increased by man-made or natural causes, such 
as ice jams and bridge opcviings constricted b'y de­
bris, litis ordinance does not imply or guarantee 
that are.as outside the flood plain district or land 
uses permitted within such a district will be free 
from flooding or flood damages. This ordinance 
shall not create liability on the part of [Home of 
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•tocctf unit) on any offic.cn on employee theACof for 
any flood damages that result from nellayicc. on this 
ordinance on any administrative decision lawfully 
made thereunder. 
Commentary 
S e c t i o n 4 . 3 - Warning and D i s c l a i m e r o f L i a b i l i t y . A l l o f t h e 
a r e a s s t u d i e d h a v e e x p e r i e n c e d some damages from p a s t f l o o d i n g . T h i s 
r a n g e d from e x t e n s i v e damages i n F a i r f a x County and t h e C h i c a g o Area t o 
m i n o r damages i n t h e A t l a n t a M e t r o p o l i t a n A r e a . The m a i n t h r u s t o f t h i s 
o r d i n a n c e i s t o l e s s e n o r a v o i d damages from f u t u r e f l o o d s b y l i m i t i n g 
d e v e l o p m e n t W i t h i n a r e a s s u b j e c t t o f l o o d i n g and e n c o u r a g e t h o s e d e v e l o p ­
m e n t s a l r e a d y e x i s t i n g i n t h e s e a r e a s t o t a k e s t e p s t o m i n i m i z e f l o o d 
damage . A r e a s o n a b l e d e s i g n f l o o d ( 1 0 0 - y e a r f l o o d i n t h i s o r d i n a n c e ) i s 
s e l e c t e d a s t h e b a s i s f o r d e t e r m i n i n g t h e a r e a s t o be c o v e r e d by c e r t a i n 
s e c t i o n s o f t h i s O r d i n a n c e . T h i s d o e s n o t mean a l a r g e r f l o o d w i l l n o t 
o c c u r o r t h a t some o t h e r n a t u r a l or man-made phenomenon w i l l n o t o c c u r 
t h a t w i l l c a u s e damage t o e x i s t i n g d e v e l o p m e n t . Thus i t i s n o t i n t e n d e d 
n o r s h o u l d i t b e c o n s t r u e d t o i m p l y o r a s s u r e o w n e r s , o c c u p a n t s o r p r o ­
s p e c t i v e p u r c h a s e r s o f p r o p e r t y t h a t no f l o o d o f h i g h e r e l e v a t i o n w i l l 
e v e r o c c u r i n t h e f u t u r e . 
A w a r n i n g and d i s c l a i m e r o f l i a b i l i t y was i n c l u d e d a s p a r t o f t h e 
N o r t h e a s t e r n I l l i n o i s P l a n n i n g C o m m i s s i o n ' s S u g g e s t e d F l o o d Damage P r e ­
v e n t i o n O r d i n a n c e b u t was n o t i n c l u d e d i n any o f t h e o r d i n a n c e s s t u d i e d . 
T h i s w a r n i n g and d i s c l a i m e r o f l i a b i l i t y s h o u l d b e i n c l u d e d f o r p u b l i c 
and j u d i c i a l i n f o r m a t i o n . A d e t e r m i n a t i o n s h o u l d b e made t o b e s u r e t h i s 
s e c t i o n c o m p l i e s w i t h L o c a l and S t a t e l a w s and p r o c e d u r e s . 
Sec tion 5.0 - Rood Plain Pis in let Ubcs 
Penmltted Uses - Witlvin the flood plain, dlsthict the 
following uses axe permitted with the exception that 
none o f these uses, when acting alone on. In combina­
tion with other uses, are to be allowed to affect 
adversely the capacity of the channels or floodiways 
of any tributary to the main stream and/or the main 
stream, drainage ditch, on any other drainage fa­
cility or system, or In any way affect the free flow 
of flood waters. This must be documented by appro­
priate engineering plans and studies as discussed In 
the County's Flood and Erosion Control Manual. The 
following list of uses is not Intended to be all in­
clusive but only to give typical examples. 
5.11 Agricultural uses such as general farming, pas­
ture, grazing, outdoor plant nurseries, horti­
culture, truck farming, forestry, and wlldcrop 
harvesting 
5.12 Industrial-commercial uses such as loading areas 
parking areas, airport landing strips, and other 
nonstructural uses. 
5.13 Private and public recreation uses such as golf 
courses, tennis courts, driving ranges, archery 
ranges, picnic grounds, swimming areas, parks, 
wildlife and nature preserves, target ranges, 
trap and skeet ranges, hunting and fishing areas 
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bi.cjjclv, hiking ayid horseback riding trails. 
5. 14 Residential uses such as lawns, gardens, park­
ing areas, play areas , and other non­
structural uses . 
C o m m e n t a r y 
S e c t i o n 5 . 1 - P e r m i t t e d U s e s . A l l o r d i n a n c e s s t u d i e d p r o v i d e d 
s o m e i n d i c a t i o n o f t h e u s e s t h a t w o u l d b e p e r m i t t e d w i t h i n a f l o o d p l a i n 
d i s t r i c t . I n g h a m a n d F u l t o n C o u n t i e s w e r e t h e o n l y a r e a s t h a t l i s t e d 
t h e p e r m i t t e d u s e s i n a m a n n e r s i m i l a r t o S e c t i o n 5 . 1 o f t h i s o r d i n a n c e . 
The uses g i v e n i n t h i s s e c t i o n c o n s i s t o f a c o m p i l a t i o n o f t h o s e u s e s 
l i s t e d i n t h e d i f f e r e n t o r d i n a n c e s s t u d i e d . 
S i n c e t h e u s e s l i s t e d i n t h i s s e c t i o n a r e o p e n - s p a c e u s e s a n d d o 
n o t i n v o l v e s t r u c t u r e s , f i l l , o r s t o r a g e o f m a t e r i a l s , a s p e c i f i c e v a l u ­
a t i o n o f t h e s e u s e s s h o u l d n o t b e n e c e s s a r y . G e n e r a l l y , p e r m i t t e d u s e s 
d o n o t o b s t r u c t f l o o d w a y s o r t h r e a t e n o t h e r l a n d a n d u s u a l l y h a v e a l o w 
f l o o d - d a m a g e p o t e n t i a l . A r e v i e w o f t h e l i t e r a t u r e c o n c e r n i n g f l o o d 
p l a i n o r d i n a n c e s i n d i c a t e s t h a t s o m e o r d i n a n c e s m a k e a l l f l o o d p l a i n u s e s 
s p e c i a l p e r m i t u s e s ( n o n e o f t h e o r d i n a n c e s s t u d i e d d i d t h i s ) . T h i s s o m e ­
w h a t c u m b e r s o m e p r o c e d u r e s e e m s u n n e c e s s a r y f o r p u r e l y o p e n - s p a c e u s e s 
n o t i n v o l v i n g f i l l , c u t , s t r u c t u r e s , o r s t o r a g e o f m a t e r i a l s . 
T h e m a i n p u r p o s e f o r i n c l u d i n g t h i s s e c t i o n o n p e r m i t t e d u s e s i s 
t o g i v e a n i n d i c a t i o n o f t h e C o u n t y ' s p o l i c y r e g a r d i n g u s e s o f f l o o d 
p l a i n l a n d . I t a l s o s e r v e s t o i n f o r m t h e p u b l i c o f t y p i c a l u s e s a l l o w e d 
i n t h e f l o o d p l a i n d i s t r i c t . T h i s l i s t o f u s e s g i v e n i s n o t i n t e n d e d t o 
b e a l l i n c l u s i v e b u t o n l y t o g i v e t y p i c a l e x a m p l e s . 
Special-Penmit Uses - The foltowivig uses which ivi-
volve struc tunes [temporary or permanent), fill, cut, 
or storage of materials or equipment may be. permit­
ted only upon application for a special, use. permit, 
details on such permits are given in Section 6.0 of 
this ordinance. These, uses are also subject, to the 
provisions of Section 5.3 which applies to all flood 
plain district special-permit uses. The following 
list of uses is not intended to be all inclusive but 
only to give, typical, examples. 
5 . 21 Uses or sikuct.ur.es accessory: to open space or 
Special Permit Uses. 
5.22 Circuses, carnivals and similar transient amuse­
ment enterprises. 
5.23 drive-in theaters , road-side stands, signs and 
billboards. 
5.24 Extraction o f sand, gravel and other materials. 
5.25 Marinas, boat rentals, docks, piers, wharves. 
5.26 Railroads, streets, bridges, utility transmis­
sion lines and pipe lines. 
5.27 Storage yards for equipment, machine.ry or ma­
terials . 
5:28Supports for structures [excluding fill) where 
the. flood level of the structure is above the. 
100-year Vlood Contour Elevation but the sup­
ports are within the flood plain area. 
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5 . 2 9 Vams and drainage structures constructed to 
at least the. level of the [name of local 
unit) standards and specifications. 
Commentary 
Section 5.2 - Special-Permit Uses. Special-permit uses are uses 
which must receive special attention to prevent obstruction of floodways, 
threats to other lands from floating debris, and substantia] damage to 
the uses themselves. Therefore, a determination of the appropriateness 
of the specific proposed use and its location within the flood plain Is 
needed. The important objective of this is to provide a procedure by 
which these uses can be evaluated on a case-by-case basis. Thus the d e ­
veloper is required to submit detailed engineering studies to document 
any actions he intends to take. A special permit, is given only after a 
public hearing (by some authorized board) which determines that the con­
ditions set down in the ordinance do exist. In all cases, technical en­
gineering assistance by the County should be used to perform most of the 
evaluation and advise the review board. 
It is also important to coordinate special-permit uses with exist­
ing or proposed uses within and outside the flood plain district. This 
is done to avoid a mixture of incompatible uses (e.g., a drive-in the­
ater adjacent to lands zoned for residential purposes could cause serious 
conflicts). 
Only Ingham and Fulton Counties had provisions in their ordinan­
ces similar to special-permit uses Included in this ordinance. The 
other ordinances listed many restrictions to be applied to uses in the 
flood plain areas but did not provide a means of issuing special permits 
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for some uses. 
This section on special-permit uses should be included in the or­
dinance for the following reasons: • ~ 
1. Generally, the uses listed have a low flood-damage potential. 
Thus, it seems over-restrictive to exclude them from the 
flood plain area because of possible damage to these uses. 
2. Since the uses listed have the potential to obstruct flood-
w a y s , an engineering evaluation is needed to evaluate this 
potential. 
3. As in Section 5.1 one of the purposes for including this sec­
tion on special-permit uses is to give an indication of the 
County's policy regarding special uses of flood plain land. 
This policy is inferred by the uses allowed. The main o b ­
jective of this policy is to keep uses with high damage p o ­
tential out of the flood plain so not to cause public ex­
pense, and keep things out which would harm others. This 
section also serves to inform the public of typical special 
uses that might be allowed in the flood plain district. 
4. It is a combination of policy decisions (political process) 
and technical engineering decisions that decide what uses 
should be allowed in the flood plain district. The special 
permit allows both of these areas to interact in evaluating 
any particular proposed use. 
5. The procedures outlined in this section also bring under the 
scrutiny of the public the decision of allowing or disallow­
ing any particular use of flood plain lands. 
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6. H a v i n g t o g o t h r o u g h t h e p r o c e d u r e o f g e t t i n g a s p e c i a l -
p e r m i t r e d u c e s t h e c h a n c e o f s o m e o n e d e v e l o p i n g a p r o p e r t y 
u n a w a r e o f a p o t e n t i a l h a z a r d . 
5 . 3 Standards for Flood Plain Special-PermitUses - Follow­
ing, axe some minimum standards which all special-per­
mit uses must adhere to. 
5.31 All Uses - Mo structure {temporary or permanent), 
fill deposits [Including fill far roads and 
levees), excavations, obstructions, storage of 
materials, or equipment, or other use may be al­
lowed as a special-permit o-ie which, acting 
alone or In combination with existing or future 
uses, increases flood elevations by 0.1 foot or 
more beyond the vertical limits set far the 
flood plain district. 
C o m m e n t a r y 
S e c t i o n 5 . 3 - S t a n d a r d s f o r F l o o d P l a i n S p e c i a l - P e r m i t U s e s . 
5 . 3 1 A l l U s e s - A l l o f t h e o r d i n a n c e s s t u d i e d h a d s o m e p r o v i s i o n 
s i m i l a r t o t h i s s e c t i o n . T h e m a j o r d i f f e r e n c e b e t w e e n S e c ­
t i o n 5 . 3 1 o f t h i s o r d i n a n c e a n d t h o s e s t u d i e d i s t h e e x ­
c l u s i o n o f s o m e o f t h e a d j e c t i v e s u s e d i n w o r d i n g t h e o t h e r 
o r d i n a n c e s . W o r d s s u c h a s s i g n i f i c a n t l y , s u b s t a n t i a l l y , 
u n d u l y , o r u n a c c e p t a b l y w e r e u s e d i n s e v e r a l o r d i n a n c e s t o 
d e s c r i b e t h e l i m i t s o f t h e i n c r e a s e s o f f l o o d h e i g h t s t h a t 
w e r e a l l o w e d . D u r i n g t h e i n t e r v i e w s n o o n e w a s a b l e t o 
g i v e a n a d e q u a t e d e f i n i t i o n o f " s i g n i f i c a n t l y , s u b s t a n t i a l l y , 
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u n d u l y , or u n a c c e p t a b l y I n c r e a s i n g f l o o d h e i g h t s . " I t i s 
d i f f i c u l t t o a d m i n i s t e r an o r d i n a n c e w i t h such v a g u e 
l a n g u a g e . 
S i n c e i t i s p o s s i b l e t o d e t e r m i n e t h e c a p a c i t y of e x i s t i n g 
c h a n n e l s and the l i m i t s of f l o o d s a s s o c i a t e d w i t h d i f f e r e n t 
r e t u r n p e r i o d s , any i n c r e a s e i n f l o o d e l e v a t i o n beyond 
t h e s e l i m i t s by 0.1 f o o t or more i s p r o h i b i t e d i n t h i s o r d i ­
n a n c e . The s e l e c t i o n of 0.1 f o o t a s a s t a n d a r d i n t h i s 
model u rban d r a i n a g e o r d i n a n c e was somewhat a r b i t r a r y and 
would no t be a p p r o p r i a t e f o r some a r e a s . The a l l o w a b l e i n ­
c r e a s e i n f l o o d e l e v a t i o n t h a t i s s e l e c t e d f o r a s p e c i f i c 
a r e a shou ld be r e l a t e d to l o c a l c o n d i t i o n s and based on 
good e n g i n e e r i n g j u d g m e n t . T h i s a p p r o a c h shou ld be much 
e a s i e r to a d m i n i s t e r and a l s o p r o v i d e a more d e f i n i t e 
d e s c r i p t i o n of t h e r e s t r i c t i o n s to wh ich d e v e l o p e r s w i l l be 
s u b j e c t e d . S e l e c t i n g some s m a l l a l l o w a b l e i n c r e a s e i n 
f l o o d h e i g h t s (0.1 f o o t i n t h i s o r d i n a n c e ) a v o i d s h a v i n g 
t o l o o k a t v e r y s m a l l r i s e s . T h i s c a n s a v e a d m i n i s t r a t o r s 
a g r e a t d e a l of t ime and c o s t . 
T h i s a p p r o a c h a l s o a l l o w s a community t h e o p t i o n of a l l o w ­
ing f o r f u t u r e deve lopmen t when e s t a b l i s h i n g t h e l i m i t s o f 
t h e f l o o d p l a i n d r a i n a g e d i s t r i c t by b a s i n g t h e s e l i m i t s on 
p r o j e c t e d f u t u r e l and u s e c o n d i t i o n s r a t h e r than e x i s t i n g 
l and u s e . Depending on l o c a l s t a t u t e s and c o n d i t i o n s t h e 
f o l l o w i n g o p t i o n s migh t be used t o o b t a i n downstream f l o o d 
p l a i n a r e a s n e c e s s i t a t e d by ups t r eam d e v e l o p m e n t : 
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1. purchase of needed flood plain areas, 
2 . purchase flood plain easements through affected areas, 
3 . provide cash compensations to the owners of affected 
areas. 
In addition, the evaluation of the effect of a proposed use 
in causing increases of flood heights is based not just on 
the effect of the single use acting alone (which was done 
in several of the areas studied), but upon the reasonable 
assumption that other landowners within the hydraulic reach 
m u s t be treated equitably and allowed to develop to an 
equivalent extent. Therefore, the cumulative effects of 
such encroachments must be considered. In the Chicago and 
DeKalb areas some developments (five acres or less in the 
DeKalb area) were excluded from some of the regulations but 
DeKalb County felt this led to many small developments. In 
other words, developers would divide large developments in­
to several small ones to avoid the regulations. This again 
points up the necessity of looking at the cumulative effects. 
5 . 3 2 Fitting, Vuinpivig, Excavating, and change* in Topography -
The following restriction* shall pertain tp alt fitt­
ing, dumping, excavating, and changes of topography with­
in the flood plain district. 
(/) Wo filling or dumping shall be allowed which wilt 
increase flood heiglits beyond the limitations set 
in Section 5.31 of the ordinance OK adversely af­
fect the hydraulic efficiency OK. capacity of the 
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flood plain drainage, district aniens sack fill­
ing Is compensated for by excavation In or con­
tiguous to the. filled area, avid does not ad­
versely affect the hydraulic characteristics of 
the flood plain. The term filling as used here 
shall mean structures , whether temporary or per­
manent; obstructions; storage of material; or 
any other placement of matter in such a manner 
that may decrease flood plain volume. 
(2) No changes in topography [filling or excavation) 
will be allowed If these changes will result. In 
a concentration of the natural flow o{\ water 
such as to cause or Increase drainage, problems. 
The grading of any area shall be done In a man­
ner to maintain proper drainage throughout. 
(3) Any fill proposed to be deposited in the flood 
plain must be shown to have some beneficial de­
velopment purpose and the amount thereof not 
greater than is necessary to aclUeve that pur­
pose, as demonstrated by a plan submitted by 
the owner showing the uses to which the filled 
land will be put and the final dimensions of 
the proposed fill or other materials. 
(4) Such fill or other materials shall be protected 
against erosion as discussed in the County's 
flood and Erosion Control Manual. 
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Commentary 
S e c t : i o n 5 . 3 2 F i l l i n g , Dumping , E x c a v a t i n g , a nd_ C h a n g e s I n Topo.-
g r a p h y . The main p u r p o s e o f t h i s s e c t i o n i s t o m i n i m i z e f i l l i n g i n t h e 
f l o o d p l a i n a r e a s , t o p r e s e r v e f l o w c a p a c i t y , and t o a s s u r e t h a t f i l l , 
p l a c e d i n t h e s e a r e a s w i l l h a v e a b e n e f i c i a l p u r p o s e and be p r o t e c t e d 
a g a i n s t e r o s i o n . F o l l o w i n g i s a d i s c u s s i o n o f t h e r e s t r i c t i o n s i n c l u d e d 
i n t h i s s e c t i o n . 
5 . 3 2 ( 1 ) The a d v e r s e h y d r a u l i c e f f e c t s o f f i l l i n g and dumping i n 
a f l o o d p l a i n c a n b e n e u t r a l i z e d i f c o m p e n s a t o r y s t o r a g e 
is provided, designed so that the hydraulic conductivity 
o f t h e t o t a l d r a i n a g e w a y , i n c l u d i n g t h e f l o o d p l a i n , i s 
n o t r e d u c e . C o m p e n s a t o r y s t o r a g e s e e k s t o p r o v i d e a r t i ­
f i c i a l f l o o d s t o r a g e c a p a c i t y i n a r e a s w h e r e n a t u r a l 
s t o r a g e c a p a c i t y h a s b e e n l o s t o r r e d u c e d a s a r e s u l t 
o f d e v e l o p m e n t . The p r i n c i p l e of c o m p e n s a t o r y s t o r a g e 
i s s i m p l e : f o r e a c h u n i t v o l u m e ( y d 3 ) o f n a t u r a l s t o r ­
a g e t h a t i s e l i m i n a t e d , an e q u a l u n i t v o l u m e o f c a p a ­
c i t y s h o u l d be s u b s t i t u t e d . T h u s , s t o r a g e c a p a c i t y 
w i l l r e m a i n c o n s t a n t w i t h i n a g i v e n a r e a d e s p i t e t h e 
f a c t t h a t f i l l i n g a n d / o r e r e c t i o n o f s t r u c t u r e s may 
o c c u r . Of p r i m a r y i m p o r t a n c e i s n o t t h e e x a c t b a l a n c ­
i n g o f v o l u m e s o f c u t s and f i l l s b u t p r e s e r v i n g t h e 
h y d r a u l i c c h a r a c t e r i s t i c s o f t h e f l o o d p l a i n a r e a s . 
C u t t i n g and f i l l i n g i n f l o o d p l a i n a r e a s d i s t u r b s and 
c a n d e s t r o y an a r e a s e c o l o g y . Thus i t m i g h t b e a r g u e d 
from an e c o l o g i c a l p e r e p e c t i v e t h a t b a l a n c i n g c u t and 
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f i l l i s p r o b a b l y w o r s e than f i l l a l o n e w i t h o u t compen­
s a t i o n . As w r i t t e n , t h i s p roposed o r d i n a n c e does no t 
a d d r e s s i t s e l f t o many e c o l o g i c a l c o n s i d e r a t i o n s . To 
do such would add g r e a t c o m p l e x i t y t o t h e o r d i n a n c e and 
p o s s i b l y ove r shadow ( o r a t l e a s t c o n f u s e ) t he main p u r ­
p o s e s of the o r d i n a n c e . In a d d i t i o n , a t t h i s t ime many 
o f t h e e c o l o g i c a l c o n s e q u e n c e s a s s o c i a t e d w i t h d i f f e r e n t 
a c t i o n s ( e . g . , c l e a r i n g l a n d , c h a n n e l i z a t i o n , e t c . ) a r e 
no t f u l l y u n d e r s t o o d . T h u s , i t i s o f t e n d i f f i c u l t t o 
g e t ag reement c o n c e r n i n g t h e c a u s e of damages and r e ­
m e d i a l a c t i o n s t h a t s h o u l d be t a k e n . I f a community 
wan t s to p r o t e c t t h e e c o l o g y o f c e r t a i n a r e a s , i t s h o u l d 
adop t a d d i t i o n a l o r d i n a n c e s and r e g u l a t i o n s d e s i g n e d f o r 
t h i s p u r p o s e . 
Dur ing s e v e r a l I n t e r v i e w s , t h e a u t h o r made t h e s u g g e s ­
t i o n t h a t no f i l l i n g w i t h i n t he f l o o d p l a i n be a l l o w e d . 
The g e n e r a l r e a c t i o n to t h i s was t h a t a l t h o u g h t h i s 
m i g h t be a good i d e a from an e n g i n e e r i n g or e n v i r o n ­
m e n t a l p e r s p e c t i v e , i t i s o f t e n no t from an economic 
v i e w p o i n t . I t was p o i n t e d ou t t h a t i n many a r e a s t h e r e 
i s a c o n s i d e r a b l e amount o f f l o o d p l a i n a r e a where l a n d 
v a l u e s a r e h i g h . Thus p o l i t i c a l and d e v e l o p m e n t a l p r e s -
s u r e s a r e used t o a l l o w some f i l l i n g i n t h e s e a r e a s . 
A c c e p t i n g t h i s , some p r o v i s i o n s s h o u l d be i n c l u d e d i n 
t h e o r d i n a n c e t o p r o t e c t t h e h y d r a u l i c c o n d u c t i v i t y of 
t h e d r a i n a g e w a y . 
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A l l o f t h e o r d i n a n c e s s t u d i e d h a d s o m e p r o v i s i o n s f o r 
c o n t r o l l i n g f i l l i n g o f t h e f l o o d p l a i n b u t o n l y t h e 
c i t i e s o f A t l a n t a a n d C h i c a g o , a n d D e K a l b , F u l t o n , a n d 
F a i r f a x C o u n t i e s i n c l u d e d p r o v i s i o n s f o r c o m p e n s a t o r y 
s t o r a g e . 
5 . 3 2 ( 2 ) N o t j u s t f i l l i n g b u t a n y c h a n g e i n t o p o g r a p h y c a n a d ­
v e r s e l y a f f e c t a d e q u a t e d r a i n a g e . I t h a s b e e n t h e e x ­
p e r i e n c e o f t h e C o b b C o u n t y E n g i n e e r i n g D e p a r t m e n t t h a t 
d e v e l o p i n g a r e a s i n a m a n n e r s u c h t h a t n a t u r a l f l o w s 
a r e concentrated a t o n e o r m o r e p o i n t s c a n c a u s e d r a i n ­
a g e p r o b l e m s f o r d o w n s t r e a m a r e a s . A l t h o u g h t h e t o t a l 
a m o u n t o f f l o o d w a t e r d i s c h a r g e d f r o m a s i t e may n o t 
h a v e c h a n g e d , i n m a n y d e v e l o p m e n t s t h e w a t e r i s d i v e r t ­
e d f r o m n a t u r a l f l o o d p l a i n a r e a s a n d i s c o n c e n t r a t e d 
a t p o i n t s w h e r e t h e f l o o d p l a i n d o e s n o t h a v e a d e q u a t e 
s t o r a g e c a p a c i t y . O n l y t h e C i t y o f A t l a n t a ' s g r a d i n g 
o r d i n a n c e h a d a p r o v i s i o n s i m i l a r t o t h i s s e c t i o n o f 
t h e p r o p o s e d o r d i n a n c e . 
5 . 3 2 ( 3 ) I t i s n o t t h e i n t e n t o f t h i s s e c t i o n o f t h e o r d i n a n c e 
t o e n c o u r a g e i n d i s c r i m i n a t e f i l l i n g o f t h e f l o o d p l a i n 
a r e a s . A n y p r o p o s e d f i l l s h o u l d h a v e s o m e b e n e f i c i a l 
p u r p o s e a n d t h e f i l l e d a r e a s s h o u l d n o t b e l a r g e r t h a n 
r e q u i r e d f o r t h i s p u r p o s e . O n l y I n g h a m C o u n t y ' s o r d i ­
n a n c e h a d a s e c t i o n s p e c i f i c a l l y s t a t i n g t h a t p r o p o s e d 
f i l l i n g m u s t h a v e a b e n e f i c i a l p u r p o s e a n d m u s t b e 
l i m i t e d . 
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5.32 (4) F i l l e d a r e a s a r e more s u s c e p t i b l e t o e r o s i o n p rob lems 
than o t h e r a r e a s . A l t h o u g h e r o s i o n and s ed imen t c o n t r o l 
r e g u l a t i o n s a r e d e l t w i t h i n a n o t h e r s e c t i o n o f t h i s o r ­
d i n a n c e , t h i s s e c t i o n i s i n c l u d e d a s an a d d i t i o n a l r e ­
minder o f t h e p rob lems i n v o l v e d w i t h f i l l e d a r e a s . T h i s 
p r o v i s i o n i s s i m i l a r t o the Ingham County o r d i n a n c e . 
The C i t y of A t l a n t a a l s o has a p r o v i s i o n t o c o n t r o l e r o ­
s i o n and sed iment from f i l l e d a r e a s . 
5.33 S t r u c t u r e s [ t e m p o r a r y o r p e . A m a n e . n t ) - T h e f o l l o w i n g r e ­
s t r i c t i o n s s h a l l p e r t a i n t o a l l s t r u c t u r e s [ t e m p o r a r y 
o r p e r m a n e n t ) l o c a t e d w i t h i n t h e f l o o d , p l a i n d i s t r i c t . 
( 1 ) S t r u c t u r e s s h a l l n o t b e d e s i g n e d f o r h u m a n h a b i t a ­
t i o n u n l e s s f l o o d - p r o o f e d [ a s p e r s p e c i f i c a t i o n s 
g i v e n I n t h e C o u n t y ' s F l o o d a n d E r o s i o n C o n t r o l 
M a n u a l ) . 
(2 ) S t r u c t u r e s S h a l t h a v e a l o w f l o o d - d a m a g e p o t e n t i a l . 
(3) T h e s t r u c t u r e o r s t r u c t u r e s f i f p e r m i t t e d , s h a l Z 
b e c o n s t r u c t e d a n d p l a c e d o n t h e b u i l d i n g s i t e s o 
a s t o o f f e r t h e m i n i m u m o b s t r u c t i o n t o t h e f l o w of 
f l o o d w a t e r s . 
[4] S t r u c t u r e s a n d a l l o t h e r s t o r e d m a t e r i a l s s h a l l b e 
a n c h o r e d o r r e s t r a i n e d t o p r e v e n t t h e m f r o m f l o a t ­
i n g a w a y , w h i c h may r e s u l t I n d a m a g e t o o t h e r 
s t r u c t u r e s , r e s t r u c t i o n of b r i d g e o p e n i n g s a n d 
o t h e r n a r r o w s e c t i o n s of t h e s t r e a m o r r i v e r . 
(5) k i t b u i l d i n g s l o c a t e d w i t h i n t h e f l o o d p l a i n 
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district shall be flood-proofed up to an eleva­
tion of at least that of the 100-Year Flood Con­
tour Elevation within months after this ordi­
nance is adopted. If the owner chooses not to 
flood-proof to that level he must file a written 
statement assuming any flood damages to his 
structure and contents. 
(6) Service facilities such as QlQ.ctrl.cal and heat­
ing equipment shall be constructed at or above 
the TOO-Year Flood Contour Elevation or flood-
proofed. 
Commentary 
S e c t i o n 5 .33 S t r u c t u r e s (temporary or permanent) . Although a l l 
ord inances s t u d i e d had some p r o v i s i o n s for c o n t r o l l i n g s t r u c t u r e s w i t h i n 
f l o o d p l a i n a r e a s , each ord inance had a d i f f e r e n t approach and nonecon­
ta ined a l l the p r o v i s i o n s l i s t e d i n t h i s o r d i n a n c e . F o l l o w i n g i s a 
b r i e f d i s c u s s i o n of the s i x r e s t r i c t i o n s d e s c r i b e d i n t h i s s e c t i o n . 
5 . 3 3 (1) S t r u c t u r e s des igned for human h a b i t a t i o n are p r o h i b i t e d , 
u n l e s s f l o o d - p r o o f e d , because of e i t h e r h igh water 
v e l o c i t i e s or f l o o d damage o r d i n a r i l y a s s o c i a t e d w i t h 
the f l o o d p l a i n d i s t r i c t . A l l of the o r d i n a n c e s s t u d i e d 
p r o h i b i t e d the u s e of s t r u c t u r e s w i t h i n the f l o o d p l a i n 
d i s t r i c t for human h a b i t a t i o n . S e v e r a l of the o r d i ­
nances s p e c i f i c a l l y s t a t e d t h a t i f the s t r u c t u r e s were 
b u i l t on s t i l t s or columns and the f i r s t f l o o d e l e v a ­
t i o n was a c e r t a i n d i s t a n c e ( v a r i e d w i t h the d i f f e r e n t 
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ord inances from 0 f e e t to 3*g f e e t ) above the d e s i g n a t e d 
f lood p l a i n contour e l e v a t i o n , then the s t r u c t u r e s 
could be used for human h a b i t a t i o n . This was part of 
the Chicago, Tampa, Fulton County, and F a i r f a x County 
o r d i n a n c e s . S ince t h i s s i t u a t i o n was covered w i t h i n 
the l i s t of u s e s g i v e n in S e c t i o n 5 .28 i t was not made 
a part of t h i s s e c t i o n . 
5 .33 (2) This s e c t i o n r e a f f i r m s an e a r l i e r s ta tement t h a t u s e s 
permi t t ed as s p e c i a l - p e r m i t u s e s must have a low flood-
damage potential. Ingham County's ordinance included 
such a p r o v i s i o n . 
5 . 3 3 (3) Although t h i s s e c t i o n could be c o n s i d e r e d part of e n ­
g i n e e r i n g d e s i g n s p e c i f i c a t i o n s and would thus be i n ­
c luded i n the County's Flood and Eros ion Control Manual, 
i t i s i n c l u d e d as part of t h i s ordinance because of i t s ' 
p o s s i b l e impact on land use and zoning d e c i s i o n s . I t 
might be p o s s i b l e to u t i l i z e an area w i t h i n the f l o o d 
p l a i n d i s t r i c t for some u s e s ( long narrow b u i l d i n g s a l l 
p laced p a r a l l e l to t h e d i r e c t i o n of f l o o d f low) but not 
o t h e r s . This s e c t i o n i s c o n s i s t e n t w i t h Ingham County's 
o r d i n a n c e . 
5 . 3 3 (4) This s e c t i o n i s inc luded to h e l p prevent damage to p r o ­
posed s t r u c t u r e s and o ther s t r u c t u r e s or f a c i l i t i e s 
downstream. Ingham County's ord inance inc luded a s im­
i l a r s e c t i o n . 
5 . 3 3 (5) Both Chicago ' s and Tampa's o r d i n a n c e s c o n t a i n e d some 
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reference to flood-proofing structures. Tampa's ordi­
nance also contained a considerable amount of detail 
concerning what flood-proofing measures could be re­
quired. The details or engineering specifications and 
design associated with certain flood-proofing measures 
can be more adequately dealt with in the County's Flood 
and Erosion Control Manual and not in the ordinance. 
The question of flood-proofing is heavily dependent up­
on the economics of the given situation. The County 
has the obligation to inform the owner of a building 
within the flood plain that his property is subject to 
storm damage. It is then up to the owner to determine 
whether it is more economical to flood-proof the struc­
tures or suffer flood damages. As long as no other pro­
perty will be damaged by not flood-prooding a structure, 
the decision concerning the use of flood-proofing should 
be up to the individual owners. If the owners choose 
not to flood-proof to the 100-Year Flood Contour Eleva­
tion, a written statement is required to confirm that 
both the County and owners are aware of the situation 
and of the choice that the owners have selected. 
5.33 (6) Since electrical and heating equipment is especially 
vulnerable to water damage special attention should be 
given to these facilities. This section is consistent 
with Ingham County's ordinance. 
5 . 3 4 S t o r a g e , of M a t e r i a l a n d E q u i p m e n t - T h e f o l l o w i n g 
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restrictions shall- pertain to the storage: of ma­
terial, and equipment within the flood plain 
district. 
(7) The storage or processing of materials that 
are In tune of flooding buoyant, flammable, 
explosive, soluble, expansive, or could be 
Injurious to human, animal or plant life is 
prohibited. 
(2) Storage of other material or equipment may 
be allowed If not subject to major damage 
by floods, unless owner files a written 
statement assuming any flood damages to his 
property, and If firmly anchored, restrained, 
or enclosed to prevent them from floating 
away. 
Commentary 
S e c t i o n 5 . 3 4 S t o r a g e o f M a t e r i a l and E q u i p m e n t . S t o r a g e o f ma­
t e r i a l t h a t i s b u o y a n t , s o l u b l e , f l a m m a b l e o r o t h e r w i s e i n j u r i o u s when 
c a r r i e d by f l o o d w a t e r s i s p r o h i b i t e d f o r h e a l t h and s a f e t y r e a s o n s . 
O t h e r m a t e r i a l s and e q u i p m e n t c a n b e s t o r e d i f t h e y w i l l n o t c a u s e much 
damage and i f t h e y a r e a n c h o r e d o r e n c l o s e d t o p r e v e n t f l o t a t i o n . O n l y 
C h i c a g o and. Ingham C o u n t y had p r o v i s i o n s i n t h e i r o r d i n a n c e s t h a t s p e c i ­
f i c a l l y d e a l t w i t h t h e s t o r a g e o f m a t e r i a l and. e q u i p m e n t w i t h i n f l o o d 
p l a i n a r e a s . T h e i r p r o v i s i o n s w e r e s i m i l a r t o t h e o n e s i n c l u d e d i n t h i s 
o r d i n a n c e . 
The p r o v i s i o n s c o n c e r n i n g damage t o s t o r e d m a t e r i a l o r e q u i p m e n t 
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c a n b e w a i v e d i f t h e o w n e r s s u b m i t t o t h e County a w r i t t e n s t a t e m e n t a s ­
s u m i n g a l l f l o o d d a m a g e s . T h i s w r i t t e n s t a t e m e n t i s r e q u i r e d t o c o n f i r m 
t h a t b o t h t h e County and o w n e r s a r e a w a r e o f t h e o w n e r s d e c i s i o n t o a s ­
sume a l l f l o o d damages t o h i s p r o p e r t y . 
5 . 3 5 Public Utilities and facilities - The location, 
design, elevation and cons traction of all public 
utilities and facilities suck as sewer, gas, 
electrical, water systems, streets, bridges, and 
culverts shall be in such a manner as to mini­
mize or eliminate damage by flooding, flow ob­
struction, and sewer overflows. 
Commentary 
S e c t i o n 5 . 3 5 P u b l i c U t i l i t i e s and F a c i l i t i e s . Only C h i c a g o , 
A t l a n t a and Ingham C o u n t y ' s o r d i n a n c e s had p r o v i s i o n s t h a t s p e c i f i c a l l y 
d e a l t W i t h t h e l o c a t i o n o f p u b l i c u t i l i t i e s w i t h i n f l o o d p l a i n a r e a s . 
I n b o t h C h i c a g o and Ingham C o u n t y , a p e r m i t from t h e S t a t e i s r e q u i r e d 
b e f o r e any u t i l i t i e s c a n b e l o c a t e d w i t h i n f l o o d p l a i n a r e a s . I n Ingham 
C o u n t y , a p e r m i t f rom t h e D r a i n C o m m i s s i o n e r i s a l s o r e q u i r e d and a l l 
u t i l i t i e s m u s t b e l o c a t e d a t l e a s t f o u r f e e t b e l o w t h e i n v e r t o f t h e 
s t r e a m . 
A l t h o u g h l i t t l e d a t a w e r e a v a i l a b l e i n t h e a r e a s s t u d i e d t o d e ­
t e r m i n e t o what e x t e n t u t i l i t i e s p o s e d p r o b l e m s i n f l o o d p l a i n a r e a s , 
p e r s o n n e l w i t h t h e C i t y o f A t l a n t a and DeKalb County e x p r e s s e d t h e o p i n ­
i o n t h a t t h e r e w e r e p r o b l e m s w i t h some e x i s t i n g i n s t a l l a t i o n s . Q u o t i n g 
from a r e p o r t w r i t t e n by t h e DeKalb County D r a i n a g e E n g i n e e r , "one o f 
t h e p r i n c i p a l i m p e d i m e n t s t o n a t u r a l f l o w i s f o u n d i n c u l v e r t s and 
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bridges with insufficient openings and sanitary sewer lines across stream 
channels." In addition, the personnel in Chicago reported major pollu­
tion problems resulting from sewer overflows during storm events. From 
the results of the interviews it seems clear that some control of public 
utilities and facilities located within flood plain districts is needed. 
Suction 6.0 - Special Use Permits 
6.1 Application for. Special: Use Permit - Any use listed 
in this ordinance as requiring a special use permit 
may be allowed only upon application and issuance 
of a special use permit by the [local designated 
agency or board - hereafter referred to as the hoard). 
Commentary 
Section 6.0 - Special Use Permits. This section sets out the pro­
cedure for passing upon special use permits for flood plain areas. Em­
phasis is upon the special aspects of this evaluation which supplement 
usual procedures for evaluating special exceptions, conditional uses, 
and so forth. 
It was pointed out in the commentary on Section 5.2 - Special Per­
mit Uses, that only Ingham and Fulton Counties had provisions in their 
ordinances similar to Section 5.2 of this ordinance. In neither of these 
ordinances, or in any of the other ordinances studied, was there a sec­
tion dealing with the details concerning special use permits. The Tampa 
ordinance did include a section concerning appeals to the Board of Ad­
justment but this section had neither the scope nor detail included in 
this ordinance. 
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In some of the l i t e r a t u r e i t was s u g g e s t e d t h a t a s e c t i o n s p e c i ­
f i c a l l y d e a l i n g wi th s p e c i a l use permits and/or v a r i a n c e s should be I n ­
c luded in a f l ood p l a i n o r d i n a n c e . S e c t i o n 6 . 0 of t h i s ordinance i s 
modeled a f t e r a s i m i l a r s e c t i o n i n an ordinance d e s c r i b e d i n , "Regula­
t i o n for Flood P l a i n s , " American S o c i e t y of P lanning O f f i c i a l s , ( 2 5 ) . 
This s e c t i o n of the ordinance I s important for the f o l l o w i n g r e a ­
s o n s . Zoning, of which f l o o d p l a i n r e g u l a t i o n s are a p a r t , has had many 
c r i t i c s through the y e a r s . Many of t h e s e c r i t i c s p o i n t to the l a r g e num­
ber of v a r i a n c e s and s p e c i a l use permi t s granted as a s i g n of weakness 
in the zoning p r o c e s s . There are t imes when s p e c i a l use permi t s are 
j u s t i f i e d , but l a r g e numbers of t h e s e permi t s w i l l tend to d i l u t e the 
main o b j e c t i v e s of t h e o r d i n a n c e . For t h i s reason i t i s d e s i r a b l e t o 
l i m i t s p e c i a l use permits by s e t t i n g up some d e f i n i t e procedures t o be 
f o l l o w e d i n p a s s i n g on such p e r m i t s . I t i s a l s o n e c e s s a r y t o s p e c i f y 
d e f i n i t e f a c t o r s which should be c o n s i d e r e d when a s p e c i a l use permit 
i s e v a l u a t e d and some t y p i c a l c o n d i t i o n s which can be a t t a c h e d to any 
such permi t . 
By adopt ing a d e t a i l e d s e c t i o n on s p e c i a l use p e r m i t s , the Board 
has some d e f i n i t e g u i d e l i n e s that add c o n t i n u i t y to the d e c i s i o n p r o c e s s . 
A l s o , the p u b l i c i s informed as to what f a c t o r s w i l l be e v a l u a t e d and 
the procedures to f o l l o w regard ing t h e s e p e r m i t s . S in ce the Board and 
t h e P u b l i c w i l l need t h i s in format ion p e r t a i n i n g to s p e c i a l u s e p e r m i t s , 
i t should be inc luded i n the ordinance r a t h e r than i n the County's Flood 
and Eros ion Contro l Manual which i s concerned more w i t h Eng ineer ing Data 
and S p e c i f i c a t i o n s . 
Cons ider ing a l l t h e s e a s p e c t s , a d e t a i l e d s e c t i o n on s p e c i a l use 
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permits w i l l go a long way in f u l f i l l i n g the objec t ives of making the or­
dinance an e f f e c t i v e pol icy statement. 
Since none of the ordinances studied had a sec t ion s imi lar to s e c ­
t ion 6.0 of t h i s ordinance, i t w i l l not be poss ib le to make any compari­
sons pertaining to these regulat ions . 
Section 6.1 - Application for Special Use Permit. If the use i s 
one l i s t e d (or implied) in the ordinance as requiring a spec ia l use per-
mit then an appl icat ion to the Board i s required. 
6.2 Procedure to be followed by the Board In Passing on 
Special Use Permits - Upon receiving an application 
for a special use permit the board shall, prior to 
. rendering a decision thereon' .;. : 
(7) Require the applicant to furnish as much of 
the following Information as Is necessary 
for determining the sultab-itlty of the parti­
cular site for the proposed use-
[a) Plans showing the nature, location, dl-
mentions, and elevation of the lot, 
existing or proposed structures, fill, 
excavation, storage of materials, flood-
proofing measures and the relationship 
of the above to the location of the chan­
nel and flood plain district. 
(6) A typical valley cross-section showing 
the channel of the stream, elevation of 
land areas adjoining each side of the 
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c h a n n e l , c r o s s - s e c t i o n a l a r e a s t o b e o c ­
c u p i e d b y t h e p r o p o s e d d e v e l o p m e n t a n d 
1 0 0 - V e a r V l o o d C o n t o u r E l e v a t i o n . 
(c) P l a n s s h o w i n g e l e v a t i o n s o r c o n t o u r s of 
t h e g r o u n d ; f l o o d p l a i n d i s t r i c t , p e r ­
t i n e n t s t r u c t u r e s , f i l l o r s t o r a g e e l e ­
v a t i o n s ) s i z e , l o c a t i o n s a n d s p a t i a l a r ­
r a n g e m e n t of a l l p r o p o s e d a n d e x i s t i n g 
s t r u c t u r e s b n t h e s i t e ; l o c a t i o n a n d 
e l e v a t i o n s of s t r e e t s , w a t e r s u p p l y , 
s a n i t a r y f a c i l i t i e s ; p h o t o g r a p h s s h o w ­
i n g e x i s t i n g l a n d u s e s a n d v e g e t a t i o n 
u p s t r e a m a n d d o w n s t r e a m , s o i l t y p e s a n d 
o t h e r p e r t i n e n t i n f o r m a t i o n , 
i d ) A p r o f i l e s h o w i n g t h e s l o p e of t h e b o t ­
t o m of t h e c h a n n e l o r f l o w l i n e of t h e 
s t r e a m . 
(e) S p e c i f i c a t i o n s f o r b u i l d i n g c o n s t r u c t i o n 
a n d m a t e r i a l s , f l o o d - p r o o f i n g , f i l l i n g , 
d r e d g i n g , g r a d i n g , c h a n n e l i m p r o v e m e n t , 
s t o r a g e of m a t e r i a l s , w a t e r s u p p l y , a n d 
s a n i t a r y f a c i l i t i e s . 
(2) T r a n s m i t a c o p y of t h e a b o v e i n f o r m a t i o n t o t h e 
C o u n t y E n g i n e e r i n g d e p a r t m e n t f o r t h e i r r e v i e w 
a n d c o m m e n t . 
(3) B o s e d u p o n t h e t e c h n i c a l e v a l u a t i o n of t h e 
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Engineering Department, ike Board shall 
determine the specific flood hazard at the 
site and shall evaluate the suitability of 
the proposed use in relation to tine flood 
hazard. 
Commentary 
S e c t i o n 6 . 2 - Procedure to be Fol lowed by the Board i n P a s s i n g 
S p e c i a l Use P e r m i t s . 
6 . 2 (1) This s e c t i o n i n d i c a t e s the type of in format ion the Board 
can r e q u i r e the a p p l i c a n t to s u p p l y . This i n f o r m a t i o n 
i s of two g e n e r a l t y p e s : (1) d e s c r i p t i o n of the p h y s i ­
c a l c h a r a c t e r i s t i c s of the s i t e , i n c l u d i n g a t y p i c a l 
v a l l e y c r o s s - s e c t i o n , a p r o f i l e of the stream and v e g e ­
t a t i v e c o v e r , and o ther p o t e n t i a l o b s t r u c t i o n s to f l o w . 
(2) A de s c r i p t i o n Of t h e proposed development which w i l l 
permit an e v a l u a t i o n of i t s s u i t a b i l i t y based upon the 
f l o o d hazard p r e s e n t a t the p a r t i c u l a r s i t e , i n c l u d i n g 
the nature of the u s e , i t s s p a t i a l arrangement, s t r u c t u r ­
a l s p e c i f i c a t i o n s , and o t h e r p e r t i n e n t f a c t s . 
6 . 2 (2) This s e c t i o n r e q u i r e s the Board to t ransmi t the i n f o r ­
mation from S e c t i o n 6 .2 (1) t o the County Eng ineer ing De­
partment . This department u s e s the in format ion to check 
the f l o o d hazard a t the s i t e and to e v a l u a t e the s u i t a ­
b i l i t y of t h e proposed use i n r e l a t i o n t o the f l o o d 
hazard . The County Engineer ing Department may s u g g e s t 
m o d i f i c a t i o n s of the proposed development n e c e s s a r y to 
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meet the requirements of th i s ordinance. 
6.2 (3) Based upon the evaluation by the County Engineering De­
partment, the Board determines the s u i t a b i l i t y of the 
proposed use in re la t ion to the flood hazard. The fac ­
tors which the Board i s to Consider in evaluating the 
proposed special-permit use are found in Section 6 . 3 . 
The Board may attach addit ional conditions as authorized 
by Section 6 .5 . 
6 . 3 F a c t o r s Upon W h i c h t h e D e c i s i o n of t h e B o a r d S h a l l b e . 
B a s e d - I n p a s s i n g u p o n a p p l i c a t i o n s fon. s p e c i a l u s e 
p e r m i t s , t h e B o a r d s h a l l c o n s i d e r a l l . r e l e v a n t f a c t o r s 
s p e c i f i e d I n o t h e r s e c t i o n s of t h i s o r d i n a n c e a n d ' 
(7) A n e v a l u a t i o n t o s h o w t h a t t h e p r o p o s e d u s e 
w i l l n o t r e d u c e t h e c a p a c i t y of t h e f l o o d w a y 
o r i n c r e a s e f l o o d h e i g h t s b e y o n d t h o s e a l l o w ­
e d i n t h i s o r d i n a n c e . 
( 2 ) I k e d a n g e r t h a t m a t e r i a l s may b e s w e p t o n t o 
o t h e r l a n d s o r d o w n s t r e a m . 
(3) T h e p r o p o s e d w a t e r s u p p l y a n d s a n i t a t i o n s y s ­
t e m s , a n d t h e a b i l i t y of t h e s e s y s t e m s t o p r e ­
v e n t d i s e a s e , c o n t a m i n a t i o n , a n d u n s a n i t a r y 
c o n d i t i o n s . 
( 4 ) T h e i m p o r t a n c e t o t h e c o m m u n i t y of t h e s e r ­
v i c e s p r o v i d e d b y t h e p r o p o s e d f a c i l i t y . 
(5) T h e r e q u i r e m e n t s of t h e f a c i l i t y f o r a w a t e r ­
f r o n t l o c a t i o n . 
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(6) T h e a v a i l a b i l i t y of a l t e r n a t i v e , l o c a t i o n s 
n o t s u b j e c t t o f l o o d i n g . 
(7) T h e c o m p a t i b i l i t y of I k e p r o p o s e d u s e w i t h 
e x i s t i n g d e v e l o p m e n t a n d d e v e l o p m e n t a n t i c i ­
p a t e d I n t h e n e a r f u t u r e . 
( 8 ) T h e r e l a t i o n s h i p of t h e u s e t o t h e c o m p r e h e n ­
s i v e p l a n a n d f l o o d p l a i n m a n a g e m e n t p r o g r a m 
f o r t h e a r e a [If a v a i l a b l e ) . 
(9) T h e s a f e t y I n t u n e s of f l o o d of a c c e s s of o r ­
d i n a r y a n d e m e r g e n c y v e h i c l e s t o t h e p r o p e r t y . 
[ 1 0 ) T h e e x p e c t e d h e i g h t s , v e l o c i t y , d u r a t i o n , r a t e 
of r i s e , a n d s e d i m e n t t r a n s p o r t of t h e f l o o d 
w a t e r s e x p e c t e d a t t h e s i t e [ l & t h e B o a r d 
f e e l s t h i s I n f o r m a t i o n i s n e e d e d ) . 
[ 1 1 ) S u c h o t h e r f a c t o r s a s a r e r e l e v a n t t o t h e p u r ­
p o s e of t h i s o r d i n a n c e . 
Commentary 
Section 6.3 - Factors Upon which the Decision of the Board s h a l l 
be Based. This sec t ion l i s t s the general factors which the Board s h a l l 
consider in evaluating the appl icat ion for a spec ia l -use permit. These 
are in addit ion to the s p e c i f i c requirements contained in Section 5.0 
for , f lood pla in uses . Since factor ten (10) would n e c e s s i t a t e a con­
s iderable amount of engineering work for a general requirement, i t 
should be l e f t up to the Board whether or not such information i s needed 
to evaluate a s p e c i f i c appl icat ion for a spec ia l -use permit. 
6.4 T i m e f o r A c t i n g o n A p p l i c a t i o n - T h e B o a r d s h a l l A c t 
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on an application In the manner, described within 
days from receiving the application, except 
when additional information is required by the 
Board. The Board shall render a written deci­
sion within days from the receipt of such in­
formation. 
Commentary 
S e c t i o n 6 . 4 - Time f o r A c t i n g on A p p l i c a t i o n . T h i s s e c t i o n s e t s 
a t i m e l i m i t w i t h i n w h i c h t h e Board m u s t a c t on an a p p l i c a t i o n f o r a 
s p e c i a l u s e p e r m i t . The t i m e l i m i t c a n b e e x t e n d e d i f t h e a p p l i c a n t i s 
r e q u i r e d t o s u p p l y a d d i t i o n a l i n f o r m a t i o n f o r a p r o p e r e v a l u a t i o n o f t h e 
p r o p o s a l . The b a s i c p u r p o s e o f t h i s s e c t i o n i s t o s e t some r e a s o n a b l e 
t i m e l i m i t w i t h i n w h i c h t h e Board m u s t r e n d e r a d e c i s i o n . 
6.5 Conditions Attached to Special Use Permits - Upon 
consideration of the factors listed above and the 
purposes of this ordinance, the Board may attach 
such conditions to the granting of special use per­
mits or variances as it deems necessary to further 
the purposes of this ordinance. Following are some 
examples of such restrictions: 
(7) Modification of waste disposal and water-
supply facilities. 
( 2 ) Limitations on periods of use and opera­
tion. 
(3) Imposition of operational controls, sure­
ties and deed restrictions. 
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[4] R e q u i r e m e n t s f o r c o n s t r u c t i o n of c h a n n e l 
m o d i f i c a t i o n s , d i k e s , l e v e e s a n d o t h e r p r o ­
t e c t i v e m e a s u r e s . 
(5) F l o o d - p r o o f i n g m e a s u r e s c o n s i s t e n t w i t h t h e 
s t a n d a r d s a n d s p e c i f i c a t i o n s f o r f l o o d -
p r o o f i n g c o n t a i n e d I n t h e C o u n t y ' s F l o o d 
a n d E r o s i o n C o n t r o l M a n u a l . 
Commentary 
Section 6.5 - Conditions Attached to Special Permits. This s ec ­
t ion s p e c i f i c a l l y authorizes the Board to attach condit ions to the i s ­
suance of variances or spec ia l use permits and l i s t s some of these con­
d i t i o n s . By including flood-proofing measures as part of th i s ordinance, 
certa in r e s p o n s i b i l i t i e s are placed on the County. The review of f lood-
proofing measures by the County w i l l n e c e s s i t a t e the h ir ing of qual i f ied 
personnel knowledgeable in th i s area. As in many sec t ions of th i s ordi ­
nance, the County w i l l have to decide whether i t i s j u s t i f i e d in terms 
of avai lable funds and budget p r i o r i t i e s to employ the personnel needed 
to j u s t i f y the inc lus ion of t h i s sec t ion in the ordinance. 
S e c t i o n 7 . 0 - N o n c o n f o r m i n g U s e s 
7 . 1 A s t r u c t u r e o r t h e u s e of a s t r u c t u r e o r p r e m i s e s 
w h i c h w a s l a w f u l b e f o r e t h e p a s s a g e o r a m e n d m e n t of 
t h i s o r d i n a n c e b u t w h i c h i s n o t i n c o n f o r m i t y w i t h 
t h e p r o v i s i o n s of t h i s o r d i n a n c e m a y b e c o n t i n u e d 
s u b j e c t t o t h e f o l l o w i n g c o n d i t i o n s : 
7 . 1 1 No s u c h u s e s h a l l b e e x p a n d e d , c h a n g e d , 
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enlarged, or altered in a way-which, increases 
its degree of nonconformity. 
7.12 Ho structural alteration, addition or repair to 
any nonconforming structure shall exceed per­
cent of its value at the time of its becoming a 
nonconforming use, unless the structure is per­
manently changed to a conforming use. 
7.13 If such use is discontinued for consecutive 
months, any future use of the building premises 
shall conform to this ordinance. 
7.14 If any nonconforming use or structure is destroy­
ed by any means, including floods, to an extent 
of 50 percent or more of its value, it shall not 
be reconstructed except in conformity with the 
provisions of this ordinance. 
7.15 Uses which become nuisances under conditions of 
prevailing ordinances shall not be entitled to 
continue as nonconforming uses. 
7.16 Except as provided in Section 7.15, any use which 
has been permitted as a special-permit use shall 
be considered a conforming use. 
7.17 Any alteration, addition, or repair to any non­
conforming structure which would result in sub­
stantially increasing its flood-damage potential 
is prohibited. 
7.IB The County shall prepare a list of those 
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nonconforming uses which have been flood-proofed 
uh otherwise adequately protected in conformity 
with Section 6.5 []) - (5) . ThU list shall be 
presented to the Board which may issue a certifi­
cate to the owner stating that as a result of 
these corrective measures such uses are In con­
formity with the provisions of this ordinance. 
7.19 If the restrictions placed on a particular use 
change [e.g., lowering of 100-year flood Contour 
Elevation), a certificate will be issued to the 
owner stating that a result of these measures 
Such use Is In conformity with the. provisions 
of this ordinance. 
Commentary 
Section 7.0 - Nonconforming Uses. The subject of nonconforming 
uses i s a troublesome and complex area of zoning law. An administrative 
procedure for handling nonconforming uses would be des i rab le . The 
process should permit a case-by-case determination of the probable ef­
fec t of the change, continuance, or termination of the uses and take i n ­
to account s o c i a l harm from continued ex is tence and private injury 
caused by termination. In some cases , spec ia l enabling l e g i s l a t i o n i s 
l i k e l y to be needed for such an administrative procedure. 
Section 7.11 - 7.13 - Expansion, Alterat ion and Termination. 
These sect ions l i m i t the expansion and a l t e r a t i o n of nonconforming uses 
and provide for the ir termination when not occupied. 
Section 7.14 - Reconstruction. This sec t ion requires 
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reconstruction of a destroyed structure to be in conformance with this 
ordinance. The literature concerning drainage ordinances indicates that 
many ordinances restrict the right of the nonconforming use to restore 
a structure damaged by fire, flood, or other calamity. Commonly they 
prohibit restoration in excess of 50 percent of assessed value, fair mar­
ket value, or replacement values (in descending order or stringency). 
Enforcing such a provision against a flood victim could prove unpopular 
since it seems to be like kicking a man when he is down. Therefore, the 
provision is added that the Board may permit reconstruction of a use if 
it is adequately protected against flood damage. 
Section 7.15 - Nuisances. This section makes clear that nuisances 
are not to be given protection as nonconforming uses. An example of a 
nuisance is a floodway use which obstructs flows, causing substantial in­
jury to other lands or to the public. 
Section 7.16 - Special-Permit Use. Since a drainage ordinance 
must by its nature make use of the special use permit technique, it is 
well to point out that special-permit uses are conforming uses. 
Section 7.17 - Alteration, Addition and Repair. Any substantial 
modificaiton of a nonconforming use should, if possible, reduce its vul­
nerability to flood damage and certainly not increase it. The reasonable 
administration of this and other flood-proofing requirements for noncon­
forming uses will depend upon an evaluation of the flood-hazard, safety 
considerations, value of the use, and the cost of the particular floods 
proofing technique required. 
Section 7.18 and 7.19 - Changing to Conforming Uses. The stigma 
attached to a designation as a nonconforming use because of failure to 
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comply w i t h f l o o d - h a z a r d r e s t r i c t i o n s can be a f i n a n c i a l burden to the 
owner who i s t r y i n g t o s e l l or o b t a i n f i n a n c i n g . In some i n s t a n c e s , the 
degree of nonconformity may be r e l a t i v e l y minor. The p o s s i b i l i t y of o b ­
t a i n i n g such a c e r t i f i c a t e could a l s o encourage f l o o d - p r o o f i n g . 
Although a g e n e r a l s e c t i o n concern ing nonconforming u s e s i s u s u a l ­
l y c o n t a i n e d i n the County's zoning r e g u l a t i o n s , dra inage and f l o o d c o n ­
t r o l r e g u l a t i o n s have some unique r e s t r i c t i o n s which p r i m a r i l y a f f e c t 
only t h o s e areas w i t h i n or a d j a c e n t to the f l o o d p l a i n a r e a s . In a d d i ­
t i o n , many t imes a f l o o d p l a i n or dra inage o r d i n a n c e , a l though a part of 
the zoning r e g u l a t i o n s , i s w r i t t e n as a s e p a r a t e document and becomes 
p h y s i c a l l y detached from the o v e r a l l zoning r e g u l a t i o n s . For t h e s e r e a ­
s o n s , a s e p a r a t e nonconforming use s e c t i o n should be inc luded w i t h i n the 
dra inage o r d i n a n c e . None of the dra inage ord inances s t u d i e d inc luded 
such a s e c t i o n a l though much of the l i t e r a t u r e concern ing dra inage o r ­
d inances recommends that some mention of nonconforming u s e s be i n c l u d e d . 
S e c t i o n 7 .0 of t h i s ordinance i s modeled a f t e r a s i m i l a r s e c t i o n 
i n an ord inance d e s c r i b e d i n "Regu la t ions for Flood P l a i n s , " American 
S o c i e t y of P lanning O f f i c i a l s , ( 2 5 ) . 
S e c t i o n % . 0 - H y d r o l o g i c a n d H y d r a u l i c S t u d i e s 
A h y d r o l o g i c a n d h y d r a u l i c s t u d y of t h e p r o p o s e d d e v e l o p m e n t 
s h a l l b e s u b m i t t e d w i t h e a c h a p p l i c a t i o n , f o r a d e v e l o p m e n t p e r m i t . 
T h e s e s t u d i e s w i l l b e u s e d t o e s t a b l i s h t h e l o c a t i o n of t h e 1 0 0 - y e a r 
F l o o d C o n t o u r E l e v a t i o n [If t h i s I n f o r m a t i o n i s n o t a l r e a d y a v a i l a b l e ) 
a n d a l s o t o d e s i g n r e t e n t i o n a n d d e t e n t i o n s t o r a g e f a c i l i t i e s t o l i m i t 
t h e s t o r m r u n o f f f r o m t h e d e v e l o p m e n t t o t h a t w h i c h c a n b e c o n t a i n e d 
w i t h i n t h e f l o o d p l a i n d i s t r i c t . T h u s , t h e s e s t u d i e s w i l l b e u s e d t o 
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e v a l u a t e , t h e : t o t a l e f f e c t s a d e v e l o p m e n t u n d e r r e v i e w may h a v e , u p o n e x i s t ­
i n g a n d p r o p o s e d d e v e l o p m e n t s a n d d r a i n a g e f a c i l i t i e s w i t h i n t h e . d e v e l o p ­
m e n t a r e a . A s p a r t , of t h e s e s t u d i e s , t h e e f f e c t s of t h e 1 0 0 - V e a r f l o o d 
o n p r o p o s e d a n d e x i s t i n g d r a i n a g e f a c i l i t i e s s h o u l d b e d e t e r m i n e d . 
I n a d d i t i o n , t h e e f f e c t s t h e p r o p o s e d d e v e l o p m e n t w i l l h a v e , o n 
e x i s t i n g d e v e l o p m e n t s , d r a i n a g e f a c i l i t i e s , a n d p r o p e r t y u p s t r e a m a n d 
d o w n s t r e a m f r o m t h e p r o p o s e d d e v e l o p m e n t m u s t b e e v a l u a t e d . T h e s e 
s t u d i e s m u s t s h o w t h a t t h e p r o p o s e d d e v e l o p m e n t w i l l n o t c r e . a t e o r w o r ­
s e n d r a i n a g e p r o b l e m s u p s t r e a m o r d o w n s t r e a m f r o m t h e p r o p o s e d d e v e l o p ­
m e n t , a n d t h a t t h e l i m i t s of t h e f l o o d p l a i n d i s t r i c t w i l l n o t be. e x ­
c e e d e d . 
If t h e l i m i t s of t h e f l o o d p l a i n d i s t r i c t w o u l d b e e x c e e d e d b y t h e . 
i n c r e a s e d r u n o f f f r o m a p r o p o s e d d e v e l o p m e n t , f o r t h e 1 0 0 - V e a r f l o o d o r 
If I n c r e a s e d r u n o f f f r o m a n y d e s i g n f l o o d , up t o a n d I n c l u d i n g t h e 1 0 0 -
V e a r f l o o d , w o u l d c r e a t e , o r w o r s e n d r a i n a g e p r o b l e m s , t h e n a n e n g i n e e r i n g 
d e s i g n m u s t b e i n c l u d e d I n t h e h y d r o l o g i c a n d h y d r a u l i c s t u d y . T h i s d e r 
s l g n m u s t s h o w h o w t h e I n c r e a s e d r u n o f f f r o m t h e p r o p o s e d s i t e w i l l b e 
c o n t r o l l e d o r w h a t c h a n g e s i n t h e d r a i n a g e s y s t e m d o w n s t r e a m w i l l b e 
m a d e t o a c c o m m o d a t e t h i s i n c r e a s e d r u n o f f s o t h a t t h e l i m i t s of t h e f l o o d 
p l a i n d i s t r i c t w i l l n o t b e e x c e e d e d a n d d r a i n a g e p r o b l e m s w i l l n o t b e 
c r e a t e d o r w o r s e n e d . 
Commentary 
Section 8.0 - Hydrologic and Hydraulic Studies . Al l of the ordi ­
nances studied had d i f ferent requirements pertaining to hydrologic 
and hydraulic s t u d i e s . Following are some se lected h igh l ights from 
the requirements of the d i f ferent areas . Because of the many 
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di f ferences between the requirements pertaining to hydrologic and hydrau­
l i c s tudies in the d i f ferent areas studied and the importance of these 
s tudies as they r e l a t e to the d i f ferent sec t ions of t h i s ordinance, the 
following commentary w i l l be much more deta i led than the other commen­
t a r i e s in th i s chapter. This w i l l enable the reader to quickly compare 
the requirements of the d i f ferent areas studied. Although most of the 
ordinances studied did not specify the use of any part icular hydrologic 
procedures, the personnel interviewed indicated that certa in hydrologic 
procedures are recommended. The hydrologic procedures recommended by 
each of the areas is indicated in the fol lowing commentary. These pro­
cedures are being used to determine peak runoff rates and volumes for 
design of drainage f a c i l i t i e s . Since the County's Flood and Erosion 
Control Manual would contain information re lated to hydrologic proce­
dures, no reference to any part icular hydrologic method of analys i s i s 
included in the proposed model urban drainage ordinance. 
DeKalb County 
1. A Hydrologic and hydraulic study and analys i s of storm water 
runoff i s required for a l l developments. 
2. The 100-Year Flood Contour Elevation must be determined for 
any development adjacent to or encompassing a flood pla in 
drainage d i s t r i c t or adjacent to or encompassing a stream 
which generates a flow in excess of 500 cubic f ee t per s e ­
cond under a 100-year design storm. 
3. Storage f a c i l i t y s tudies are required for a l l developments 
that generate an increase in runoff in excess of one cubic 
foot per second under a 10-year design storm. These s tudies 
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a r e done t o d e t e r m i n e w h e t h e r o r n o t s t o r a g e f a c i l i t i e s 
( w i t h o u t l e t c o n t r o l ) a r e n e e d e d t o c o n t r o l s t o r m r u n o f f . 
S t u d i e s a r e b a s e d on a 1 0 - y e a r d e s i g n s t o r m w i t h no i n c r e a s e 
i n r u n o f f a l l o w e d f o r t h i s s t o r m 
4 . The r a t i o n a l method i s recommended f o r a l l s t u d i e s . 
t y o f A t l a n t a 
1 . H y d r o l o g i c and h y d r a u l i c s t u d i e s a r e o n l y r e q u i r e d when t h e 
C i t y p e r s o n n e l f e e l t h e r e i s a n e e d . 
2 . S t o r a g e f a c i l i t y s t u d i e s a r e r e q u i r e d on some d e v e l o p m e n t s . 
The C i t y p e r s o n n e l d e t e r m i n e w h i c h d e v e l o p m e n t s ( o n a c a s e -
b y - c a s e b a s i s ) w i l l n e e d t h e s e s t u d i e s . S t u d i e s a r e b a s e d on 
a 1 0 0 - y e a r d e s i g n s t o r m w i t h no i n c r e a s e i n r u n o f f a l l o w e d 
f o r a l l d e s i g n s t o r m s up t o and i n c l u d i n g t h e 1 0 0 - y e a r s t o r m . 
3 . The r a t i o n a l method i s recommended f o r h y d r o l o g i c s t u d i e s 
d e a l i n g w i t h a r e a s up t o 50 a c r e s . The B u r k l i - Z i e g l e r f o r ­
mula i s recommended f o r s t u d i e s d e a l i n g w i t h l a r g e r a r e a s . 
I t o n County 
1 . H y d r o l o g i c and h y d r a u l i c s t u d i e s may b e r e q u i r e d i f t h e Coun­
t y p e r s o n n e l f e e l t h e r e i s a n e e d . T h i s n e e d i s u s u a l l y b a s e d 
o n : 
A. w h e t h e r t h e d e v e l o p e r w a n t s t o f i l l o r g r a d e w i t h i n t h e 
f l o o d p l a i n , 
B . w h e t h e r t h e d e v e l o p m e n t i s o f s u c h s i z e t h a t i t w i l l i n ­
c r e a s e t h e 1 0 0 - Y e a r F l o o d C o n t o u r E l e v a t i o n by o n e f o o t 
o r m o r e , 
C. w h e t h e r i t a p p e a r s t h a t t h e d e v e l o p m e n t w i l l i n c r e a s e 
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the runoff so as to create a "hazard". 
If the development causes any of these condit ions , then a 
study i s usually required. 
2. I f the proposed development increases runoff so as to create 
a "hazard" then storage f a c i l i t y s tudies are required. These 
s tudies are based on a 10-year design storm with no increase 
in runoff allowed for th i s storm. 
3 . The Burkli-Ziegler formula i s recommended for a l l hydrologic 
s t u d i e s . 
Clayton County 
1. Hydrologic and hydraulic s tudies are only required when the 
county personnel f e e l there i s a need. 
2. Talbot's formula and the rat ional method are recommended for 
hydrologic s t u d i e s . 
Ingham County 
1. Hydrologic and hydraulic s tudies are required for a l l develop­
ments. The 10-year one hour storm i s used as the design storm 
for a l l drainage f a c i l i t i e s . 
2. The rat ional method i s recommended for hydrologic s t u d i e s . 
3 . In the near future the County w i l l be using computer simula­
t ion for the design and evaluation of a l l drainage f a c i l i t i e s . 
Chicago 
1. Hydrologic and hydraulic s tudies are only required when the 
„ Chicago Metropolitan Sanitary D i s t r i c t f e e l s that a proposed 
development might cause drainage problems. 
2. Storage f a c i l i t y s tudies are required for a l l non-res ident ia l 
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developments exceeding 5 acres , arid for a l l r e s i d e n t i a l de­
velopments exceeding 10 acres which have or w i l l have im­
pervious area of 60 percent or greater . In designing storage 
f a c i l i t i e s , the volume of storage required i s based on a 100-
year storm for any and a l l durations while the storage out l e t 
design i s based on a 3-year storm. 
3 . The rat ional method i s recommended for hydrologic s t u d i e s . 
Fairfax County 
1. The County requires hydrologic and hydraulic s tudies for a l l 
developments, showing the flooding that w i l l result when the 
100-year design storm passes through the proposed drainage 
system. 
2. Storage f a c i l i t y s tudies are done on a case-by-case bas i s 
when the County personnel f e e l there i s a need. The volume 
of storage required i s based on a 100-year design storm. The 
design of the storage out l e t var ies depending on the capacity 
of the drainage f a c i l i t i e s downstream from the proposed de­
velopment . 
3 . The rat ional method i s recommended for hydrologic s tudies 
dealing with areas up to 200 acres . Anderson's formula i s 
recommended for ca lculat ing runoff from larger areas. The 
So i l Conservation Serv ice ' s Hydrograph Method has been used 
for the design of several detention storage f a c i l i t i e s . In 
the near future the County w i l l be using computer simulation 
for the design and evaluation of drainage f a c i l i t i e s . 
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City of Tampa 
1. Hydrologic and hydraulic studies are required for all develop­
ments. 
2. Storage facility studies are done on a case-by-case basis. 
The Public Works Department determines whether or not a de­
velopment will need such a study. Two types of storage fa­
cilities have been used in the City of Tampa: 
A. Basins with no outflow - volume of storage is based on a 
50-year storm of 24-hours duration; most of the water 
leaves these basins by infiltration with small amounts 
being evaporated. 
B. Basins with outlets - volume of storage required is based 
on a 25-year storm, under developed conditions, for all 
durations up to and including 24 hours. The storage dis­
charge design is based on a 25-year storm iislrig .prede-
veloped-conditions. 
3. The rational method is recommended for all hydrologic studies. 
Following is a brief discussion of some of the requirements ex­
pressed in Section 8.0 of this ordinance. 
Four of the eight areas (the City Of Tampa, DeKalb, Ingham, and 
Fairfax Counties) require hydrologic and hydraulic studies for all de­
velopments while the other areas only require them when the County or 
City personnel feel there is a need. In Cobb County, it has been found 
that hydrologic and hydraulic studies are necessary in order to deter­
mine whether or not a specific site will have drainage problems. For 
small developments these studies are usually uncomplicated and do not 
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demand much time or expense. From only a s i t e survey and v i s u a l inspec­
tion i t may be poss ib le for an experienced drainage engineer to de ter ­
mine whether or not some s i t e s w i l l experience drainage problems or 
cause drainage problems for other areas . However, many of the areas 
studied had personnel reviewing the drainage plans who were recent en­
gineering graduates, long-term employees with l i t t l e or no engineering 
education, or highly trained and educated persons in areas other than 
drainage (one county had an aeronautical engineer checking their drain­
age p lans ) . Thus, in order to adequately assess the ent ire drainage 
s i tua t ion for each development, a hydrologic and hydraulic study should 
be required. 
For the County, the question that comes out of t h i s i s sue i s 
whether or not the benef i t s j u s t i f y the c o s t . In other words, i s the 
problem great enough to j u s t i f y an increase in the County budget to deal 
with i t ? Whether or not the County requires hydrologic and hydraulic 
s tudies for each development w i l l depend on loca l conditions and pro­
blems but at l e a s t the County should consider the cos ts and benef i t s 
of requiring or not requiring such s t u d i e s . 
In analyzing the drainage for a proposed development, the fol low­
ing should be considered and are included in the proposed ordinance. 
1. A deta i led evaluation should be made of the proposed o n - s i t e 
drainage f a c i l i t i e s so that these f a c i l i t i e s w i l l not create 
drainage problems within the proposed development. 
2. An evaluation of the e f f e c t s that the design flood w i l l have 
on drainage f a c i l i t i e s and land area upstream and downstream 
from a proposed development should be made. This i s 
98 
necessary so that adjacent property owners and others within 
the drainage area w i l l not be damaged from the increased run­
off caused by the proposed development. 
3 . If the ex i s t ing drainage system can safe ly accommodate, or be 
improved to accommodate, the increased runoff from the de­
velopment without causing damage to other property owners or 
exceed the l i m i t s of the flood pla in d i s t r i c t , then control 
over the increased runoff i s not needed. In other words, the 
e x i s t i n g capacity of the drainage system should be used be­
fore storage f a c i l i t i e s are required. This i s cons i s tent 
with the idea, expressed in an e a r l i e r sec t ion of t h i s ordi ­
nance, that a county or c i t y can s e t the l i m i t s of the flood 
p la in d i s t r i c t to allow for the increased runoff from develop 
ing areas . 
4. If the l i m i t s of the flood plain d i s t r i c t would be exceeded 
by increased runoff from a proposed development, for the 100-
year f lood, some means must be provided to l imi t the 100-
year flood runoff peak from the development so the l i m i t s of 
the flood plain d i s t r i c t w i l l not be exceeded. This i s usual 
ly done by using storage f a c i l i t i e s with control led o u t l e t s . 
5. If increased runoff from any design flood up to and includ­
ing the 100-year flood would create or worsen drainage pro­
blems, some f a c i l i t i e s must be provided to correct th i s s i t u ­
a t ion . This w i l l protect adjacent property owners against 
increases in runoff. This does not mean that the engineer 
must check h i s design for a l l poss ib le design f loods (of 
which there are an i n f i n i t e number). Usually i t i s suf­
f i c i e n t to determine the re su l t s of say the 5, 25, and 100-
year f loods , although thenumber of design f loods used in 
evaluating a part icular design w i l l depend on one or more of 
the fol lowing: 
A. physical charac ter i s t i c s of the drainage area and drain­
age system downstream from the area being developed, 
B. economic considerations of poss ib le damages from i n ­
creased runoff, 
C. p o l i t i c a l , and aes the t i c cons iderat ions . 
DeKalb County requires a study and storage f a c i l i t i e s for a l l de­
velopments that increase runoff by more than one cubic foot per second. 
Al l of the other areas studied require storage f a c i l i t y s tudies only on 
a case-by-case b a s i s , when the County or City personnel f e e l i t i s neces­
sary. Not a l l developments need storage f a c i l i t i e s and some guidel ines 
should be es tab l i shed , and expressed in the ordinance, to determine when 
these f a c i l i t i e s should be required. Section 8.0 of t h i s ordinance s e t s 
some d e f i n i t e guidel ines for th i s purpose. 
Hydrologic computer simulation would be an invaluable aid in 
evaluating the e f f e c t s of a proposed development and aiding the County 
and private engineering consultants in preparing and evaluating the 
necessary engineering s t u d i e s . Simulation would be e s pec i a l l y helpful 
in designing and evaluating the e f fects of storage f a c i l i t i e s and the 
in terre la t ionsh ips between several storage f a c i l i t i e s . 
Before adopting th i s or any ordinance, a l o c a l community would 
want to thoroughly evaluate the economic implications of the above 
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ac t ions . Economic s tudies should be done during the preliminary phases 
of formulating the drainage program so that they can be used to help de­
sign a bet ter program rather than evaluating the consequences of act ions 
already taken. These s tudies should consider the economic consequences 
to the County, to development i n t e r e s t s , and to the private c i t i z e n s . 
This subject of economic s tudies was not dealt with in depth as part of 
th i s study, and none of the areas studied had published r e s u l t s of any 
such s t u d i e s . 
Se.cXA.on 9.0 - Improvements Required 
If the required hydro logic and hydraulic studies reveal that the 
proposed development would cause Increased flood stages so as to Increase 
the flood damages to existing developments or property, or Increase flood 
elevations beyond the vertical limits set for the flood plain district, 
then the development permit shall be denied unless one or more of the 
following requirements are met-
9 . 7 On-Slte Storage -Provide on-site storage for the 
Increased volume of storm water that results from 
the proposed development, and provide release mecha­
nism to limit the storm runoff from the storage 
facility to that which would have been expected 
from the development site under natural or pre-
developed conditions for all design floods which 
have an adverse effect on existing drainage, up to 
and Including the 100-year flood. Limit the 100-
year flood runoff peak from the development so that 
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the vertical limits of the. flood plain district 
arc not exceeded. 
9 .2 Off-Site Storage - Provide or contribute pro­
portional funding for off-site storage facilities 
that will control storm runoff so that the limits 
of the flood plain district are not exceeded and 
upstream and downstream property is not damaged 
by Increased storm runoff. In using off-site 
storage, an engineering study must be done to 
show that property located between the proposed 
development and the storage facilities will not 
be damaged by Increased runoff. 
Commentary 
Section 9.1 and 9.2 - Storage F a c i l i t i e s . Of a l l the ordinances 
and l i t e r a t u r e that were studied during the course of inves t iga t ion for 
th i s t h e s i s , the fol lowing paragraphs embody many of the e s s e n t i a l e l e ­
ments that should be considered before enacting regulat ions that require 
storage f a c i l i t i e s . 
From a Statement by the Chicago's Blue 
Ribbon Sub-Committee on Flood Control 
I t i s not the intent of the Sub-Committee that numerous small 
puddles and ponds be constructed throughout the metropolitan 
area. Such scattered ponds may create a nuisance and poss ib le 
health hazards and f a i l to provide flood protect ion i f not ade­
quately maintained. Rather, the purpose i s to encourage the 
development of wel l maintained landscaped lakes to act j o i n t l y 
as detention reservoirs and recreat ion f a c i l i t i e s or a e s t h e t i c 
focal points in new v i l l a g e parks, e i ther in incorporated or 
unincorporated developments, shopping centers , and indus tr ia l 
parks. Also, considerable storage of storm water can be pro­
vided at i t s source without undue nuisance i f properly engi ­
neered; for example, detention on f l a t roofs , parking l o t s , 
gut ters , yards, underground storage , e t c . 
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From Fairfax County's Pol icy on 
Retention of Storm Waters 
I t i s the intent of th i s pol icy to encourage the use of various 
methods for the o n - s i t e retent ion of storm waters in the i n t e r ­
e s t of minimizing the adverse e f f e c t s of increased storm water 
runoff, ( resu l t ing from development of land within the County), 
on downstream drainage ways such as stream va l l ey parks and natu­
ra l flood p la ins . 
Temporary o n - s i t e retent ion of storm water i s des irable in many 
cases to a l l e v i a t e e x i s t i n g downstream drainage problems when 
the drainage system i s c l ear ly inadequate and i t s expansion i s 
e i ther f inanc ia l l y prohibi t ive or a e s t h e t i c a l l y unacceptable. 
The re lease rate from any temporary ponding area should approxi­
mate that of the area prior to the proposed developments for the 
design storm, but adequate a l ternate drainage must be provided 
to accommodate major storm f lows. 
Retention pools or basins in parks, playing f i e l d s , parking l o t s 
or storage areas can be constructed to reduce peak runoffs down­
stream by providing temporary o n - s i t e s torage . Care must be 
taken to see that such temporary ponds do not become nuisances 
or health hazards. 
From Design Criter ia City of Tampa 
When i t i s found to be economically advisable to construct r e ­
tention basins for a drainage system, the design should make 
such f a c i l i t i e s an asse t instead of a l i a b i l i t y to the com­
munity by: 
a) making them useful for recreat ion , parks and other public 
purposes, 
b) el iminate hazardous and unhealthy condit ions normally a s ­
sociated with such f a c i l i t i e s , 
c) permit maintenance with standard equipment and at minimal 
expense, 
d) be su i tab le for i n s t a l l a t i o n of landscaping and recreat ion 
f a c i l i t i e s and public use . 
From Manual of Procedures for the Administration of the Sewer 
Permit Ordinance - Chicago Metropolitan Sanitary D i s t r i c t 
I t i s recognized that in order to bet ter serve the long-range 
i n t e r e s t s of the loca l communities and the metropolitan area, 
comprehensive basin-wide planning for flood control should be 
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f o r m u l a t e d , a d o p t e d and i m p l e m e n t e d . C o m p r e h e n s i v e p l a n n i n g 
i s f a r more b e n e f i c i a l t h a n t h e p r o l i f e r a t i o n o f s m a l l , o n -
s i t e d e t e n t i o n a r e a s , a l t h o u g h o n - s i t e d e t e n t i o n a r e a s do p r o ­
v i d e p r o t e c t i o n and a r e a c c e p t a b l e for t h e c o m p l i a n c e w i t h 
t h i s o r d i n a n c e . 
O n - s i t e r e t e n t i o n and d e t e n t i o n f a c i l i t i e s h a v e become v e r y p o p u ­
l a r among County and C i t y g o v e r n m e n t s i n t h e A t l a n t a M e t r o p o l i t a n A r e a . 
DeKalb County r e q u i r e s some s t o r a g e f a c i l i t y on a l m o s t e v e r y d e v e l o p m e n t 
i n t h e C o u n t y . Many o f t h e o t h e r m e t r o p o l i t a n c o u n t i e s a r e f o l l o w i n g 
D e K a l b ? s l e a d and a r e a l s o r e q u i r i n g s t o r a g e f a c i l i t i e s f o r new d e v e l o p ­
m e n t s . T h e r e a r e t h r e e m a j o r c o n s i d e r a t i o n s t h a t s h o u l d b e e v a l u a t e d 
b e f o r e s t o r a g e f a c i l i t i e s a r e r e q u i r e d f o r a l l d e v e l o p m e n t s . 
1 . W i l l t h e p r o l i f e r a t i o n o f s m a l l o n - s i t e s t o r a g e a r e a s c r e a t e 
a m a s s i v e m a i n t e n a n c e p r o b l e m f o r t h e c o u n t y o r c i t y ? T h i s 
q u e s t i o n o f m a i n t e n a n c e w i l l b e d i s c u s s e d f u r t h e r i n S e c t i o n 
13 o f t h i s c h a p t e r . 
2 . What p o s s i b l e h e a l t h h a z a r d s ( m o s q u i t o s , r o d e n t s , t r a s h , e t c . ) 
a r e a s s o c i a t e d w i t h t h e s e f a c i l i t i e s ? Cobb County H e a l t h D e ­
p a r t m e n t h a s e x p r e s s e d some c o n c e r n a b o u t t h i s m a t t e r . None 
o f t h e a r e a s s t u d i e d h a v e had e n o u g h o f t h e s e f a c i l i t i e s i n 
e x i s t e n c e l o n g e n o u g h t o o b t a i n any i n f o r m a t i o n c o n c e r n i n g 
h e a l t h h a z a r d s . 
3 . Are t h e r e c o m b i n a t i o n s o f f l o o d s t o r a g e s and s t o r m p a t t e r n s 
f o r w h i c h s t o r a g e f a c i l i t i e s w i l l a c t u a l l y i n c r e a s e f l o o d 
p e a k s ? 
The f i r s t two o f t h e s e c o n s i d e r a t i o n s w e r e a d d r e s s e d i n t h e q u o ­
t a t i o n s g i v e n e a r l i e r i n t h i s s e c t i o n . Thus many o f t h e a r e a s s t u d i e d 
( C h i c a g o , Tampa, A t l a n t a , Ingham and F a i r f a x C o u n t i e s ) h a v e e x p r e s s e d 
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concern about us ing o n - s i t e s t o r a g e f a c i l i t i e s for a l l developments but 
have agreed t h a t t h e i r use in some c a s e s can be b e n e f i c i a l . Thus con­
s i d e r a t i o n must be g i v e n so t h a t maintenance and h e a l t h hazards are not 
c r e a t e d which might be more d e t r i m e n t a l t o the community than are the 
problems b e i n g s o l v e d . 
The t h i r d c o n s i d e r a t i o n was i n v e s t i g a t e d by Mr. Ormond C. White 
i n a r e p o r t e n t i t l e d , "An I n v e s t i g a t i o n of Downstream E f f e c t s of L i m i t ­
ing Peak Outflow from Subwatershed Developments" ( 6 4 ) . In t h i s s t u d y , 
Mr. White demonstrated t h a t r e g u l a t i o n of ou t f l ow from many smal l s u b -
watersheds c a u s e s r e d u c t i o n s i n s tream channel peak f lows but the e f f e c t 
d i m i n i s h e s as the f l o o d moves downstream. Mr. White a l s o found t h a t 
w h i l e the peak of the f l o o d hydrograph i s d imin i shed by the use of 
s t o r a g e f a c i l i t i e s , f lows during the r e c e s s i o n per iod are h i g h e r . Thus, 
• i 
i t i s c o n c e i v a b l e t h e s e h igher r e c e s s i o n f lows could c o i n c i d e w i t h f l o o d 
f lows from subwatersheds downstream, to cause g r e a t e r f l o o d peaks than 
would have occurred w i t h o u t the use of s t o r a g e f a c i l i t i e s . As Mr. White 
p o i n t s out i n h i s s t u d y , i t i s important to a n a l y s i s the e f f e c t s of a l l 
proposed development and f l o o d c o n t r o l f a c i l i t i e s for the e n t i r e w a t e r ­
shed (or s e v e r a l w a t e r s h e d s ) r a t h e r than j u s t f o r the development s i t e 
under c o n s i d e r a t i o n . 
O n - s i t e s t o r a g e was inc luded i n the proposed model ordinance so 
tha t i t can and w i l l be used when i t r e p r e s e n t s the b e s t s o l u t i o n to a 
g i v e n dra inage problem. Many of the a r e a s s t u d i e d have found t h a t on-
s i t e s t o r a g e i s a sound e n g i n e e r i n g and economical s o l u t i o n to some 
dra inage problems . 
The Ci ty of Tampa has done some economic a n a l y s i s of the use of 
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retent ion basins and their r e s u l t s show about a 20 percent savings by 
using retent ion basins rather than increasing the capacity of the sewer 
system to that which could handle the increased runoff. This analys i s 
included the cost of the land s ince the City purchased the land, de­
signed, and paid for the construction of these f a c i l i t i e s . The City 
w i l l a l so maintain these retent ion f a c i l i t i e s . I t should be pointed 
out that the retent ion basins constructed in Tampa are located within 
areas of the City where the price of land i s r e l a t i v e l y low. 
Of f - s i t e storage was included to encourage the use of consolidated 
storage f a c i l i t i e s while s t i l l protect ing adjacent property owners. The 
County can play a major role in making th i s option a t t r a c t i v e to develop­
ers by: 
1. Constructing the storage f a c i l i t i e s and prorating the cos t s 
among the developers benef i t ing ( th i s w i l l be discussed fur­
ther in Section 10 of t h i s Chapter - Cost of Drainage Improve­
ments) . 
2. Encouraging developers to cooperate with each other and con­
struct common f a c i l i t i e s that w i l l benef i t everyone concerned. 
Fairfax County's ac t ive part i c ipat ion in th i s area has r e ­
sulted in the development of several major f a c i l i t i e s . 
9 . 3 Improvements of Existing VK.cuina.go, System - Improve, the 
existing drainage system, without causing damage to 
upstream and downstream pKoperty or Increase flood 
elevations beyond the vertical Limits set foK the flood 
plain district, to safely accommodate the Increased run­
off from the proposed development. Care must be 
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exercised In utilizing this option so that the natural 
environment of the existing drainage system ts not un­
duly harmed. 
Commentary 
S e c t i o n 9.3 - Improve E x i s t i n g Drainage System. Quoting from 
s e v e r a l of F a i r f a x County's p o l i c i e s concerning o f f - s i t e dra inage and 
use of f l o o d p l a i n a r e a s : 
I t i s r e c o g n i z e d t h a t some improvements must be made w i t h i n 
f l o o d p l a i n s , s treams and/or drainageways i n such a manner 
t h a t the i n c r e a s e d runoff from changes or improvements w i t h ­
i n the watershed may be accommodated w i thout unacceptab ly 
e l e v a t i n g f l o o d p l a i n a r e a s . This may take t h e form of 
stream bed c l e a r i n g , removal of obstructions, r e d u c t i o n of 
c o n s t r i c t i o n s , s t a b i l i z a t i o n of stream bottoms arid/or banks 
or areas to e l i m i n a t e or reduce e r o s i o n , widening deepening 
or r e a l i g n i n g of s treams to prov ide the n e c e s s a r y h y d r a u l i c 
c h a r a c t e r i s t i c s to accommodate the a n t i c i p a t e d stormwater 
f low w i t h o u t damaging a d j a c e n t p r o p e r t i e s . These improve­
ments should i n c l u d e removal of s i l t and d e b r i s which may 
c l o g or damage downstream dra inage s t r u c t u r e s or p r o p e r t y , 
the f i l l i n g or dra inage of ponding a r e a s and s t a g n a n t 
p o o l s which are p o t e n t i a l vermin s h e l t e r s and mosquito 
b r e e d i n g a r e a s . 
In the i n t e r e s t of the h e a l t h , s a f e t y and w e l f a r e of a l l , 
when the appropr ia t e land use has been determined for any 
area to be d e v e l o p e d , the County r e s e r v e s the r i g h t to r e ­
q u i r e the d e v e l o p e r to show t h a t o f f - s i t e downstream d r a i n ­
age can be accommodated ( c o n s i d e r i n g the planned d e v e l o p ­
ment of the c o n t r i b u t i o n watershed) w i t h o u t damage to e x i s t ­
ing f a c i l i t i e s or p r o p e r t i e s b e f o r e such development i s a p ­
proved for c o n s t r u c t i o n . 
Development w i t h i n a watershed i n v o l v i n g a change of land 
use t h e r e i n , i s normal ly a s s o c i a t e d w i th an i n c r e a s e i n im­
p e r v i o u s a r e a s r e s u l t i n g i n a g r e a t e r q u a n t i t y as w e l l as 
a more rap id and f requent c o n c e n t r a t i o n of stormwater run­
o f f . The c o n s t r u c t i o n of storm dra inage improvements w i l l 
be requ ired a long waterways as watershed development 
p r o g r e s s e s to a l l e v i a t e f l o o d damage and a r r e s t d e t e r i o r a ­
t i o n of e x i s t i n g dra inageways . The e x t e n t and c h a r a c t e r 
of such improvements s h a l l be des igned to prov ide for the 
adequate c o r r e c t i o n of d e f i c i e n c i e s , and w i l l extend down­
stream to a p o i n t where damages to e x i s t i n g p r o p e r t i e s 
a s c r i b a b l e to the a d d i t i o n a l r u n - o f f w i l l be min imized . 
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The above pol icy statements from Fairfax County have recent ly 
been superseded by the County's new i n t e r e s t in detention storage. The 
above p o l i c i e s were interpreted by the County's personnel as requiring 
the i n s t a l l a t i o n of temporary storm water detention ponds only in areas 
where downstream storm drainage systems were not adequate to rece ive the 
increased run-off being generated by the upstream development, and d e f i ­
n i t e planning was not avai lable for improvement of the inadequate down­
stream drainage system. The County personnel have interpreted the new 
p o l i c i e s concerning storage f a c i l i t i e s such that storm water re tent ion-
detention facilities be evaluated for all storm drainage plans proposed 
for development in the County that are submitted for review and approval. 
Many of the persons interviewed in Fairfax County prefer the 
e a r l i e r statements where the e x i s t i n g capacity of the drainage system 
and flood plain d i s t r i c t are u t i l i z e d before storage f a c i l i t i e s are re ­
quired. Section 9.3 of th i s ordinance allows th i s capacity to be u t i ­
l i z e d by improving the downstream drainage system, as long as no proper­
ty i s damaged as a r e s u l t . 
9.4 Flood Proofing - Financially compensate the owners 
of existing property which might be damaged by the 
Increased storm runoff so that proper flood proof­
ing can be accomplished. This option Is only avail­
able where It can be shown that flood proofing will 
prevent damage resulting from the Increased storm 
runoff and ail owners of affected property are In 
agreement. To ensure that subsequent owners of the 
affected property are made aware of this agreement, 
108 
the owners must sign a release, from all flood 
damages resulting because of Increased storm 
runoff from the proposed development. A copy 
of this release must be recorded with the deed 
to the property. 
All proposed Improvements must be approved by 
the County Engineering Department 
Commentary 
Section 9.4 - Flood-proofing. In some instances (probably in 
rural or undeveloped areas) i t might be that only a few e x i s t i n g s truc­
tures would be affected by an increase in flood waters. If I t i s more 
economical to flood-proof these s tructures , and agreeable with a l l par­
t i e s concerned, than to control the increased run-off then t h i s option 
should be u t i l i z e d . 
There are several administrative procedures that could be used 
to handle the f inancia l arrangements necess i ta ted by Section 9 . 4 . The 
e x i s t i n g downstream property owner could receive a lump sum payment from 
the owner of the property being developed. As an a l t ernat ive to t h i s , 
the owner of the developing property could e s t a b l i s h an escrow account 
to cover the expected flood damages to the downstream property owner. 
The d e t a i l s of whatever administrative procedures are recommended by 
the County should be contained in the County's Flood and Erosion Con­
tro l Manual. 
I t should be remembered that using sec t ion 9.4 of t h i s ordinance 
could re su l t in flood waters exceeding the l i m i t s of the flood plain 
d i s t r i c t . This would n e c e s s i t a t e changing the l i m i t s of the flood 
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pla in d i s t r i c t . 
In summary, Section 9.0 of t h i s ordinance allows more f l e x i b i l i t y 
in determining what drainage improvements are required for a given de­
velopment than any of the ordinances studied. Tampa, Fairfax and Ingham 
County's ordinances were probably the most f l e x i b l e of any of those 
studied. 
In the interviews with consult ing engineers from a l l of the areas 
studied, the consensus of opinion was that the design engineer should be 
allowed to express h i s opinion as to whether or not o n - s i t e storage 
should be used to solve the drainage problems within a given development. 
They f e l t that a blanket rule of o n - s i t e storage for every development 
was not a good so lut ion to drainage problems because some s i t e s may not 
have su i tab le areas for storage f a c i l i t i e s and another so lut ion might 
be much better from an engineering, economic or aes the t i c viewpoint. 
Thus each development should be evaluated on a case-by-case bas i s rather 
than trying to formulate overal l so lut ions for every drainage s i t u a t i o n . 
Section 9.0 of t h i s ordinance gives the f l e x i b i l i t y needed to ar­
r ive at the best so lut ion for each drainage problem and at the same time 
protects a l l of the property within a drainage area from damages due to 
increased storm runoff. 
Most of the drainage ordinances studied were wri t ten for urban 
areas where e x i s t i n g drainage problems had forced the City or County 
Governments into adopting the e x i s t i n g drainage ordinance. In many of 
these areas ( e spec ia l l y Chicago) the options of improving e x i s t i n g drain­
age systems, l imited f lood-proofing, and o f f - s i t e storage would be very 
expensive because of the vast amount of e x i s t i n g development which would 
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be a f fec ted . Thus o n - s i t e storage has become accepted as the best s o ­
lut ion to drainage problems in these areas , or at l ea s t as a means of 
contro l l ing the increased runoff from proposed developments so that 
e x i s t i n g drainage problem w i l l not become worse. 
In contrast , when rural or developing counties adopt a drainage 
ordinance a l l or some of the options l i s t e d are po tent ia l l y f e a s i b l e 
and each should be avai lable and evaluated to obtain the optimum so­
lut ion for a given drainage problem. Thus, th i s ordinance i s applicable 
to both urban and developing areas. 
Hydrologic computer simulation would be valuable in providing 
quick and accurate analys i s of proposed o n - s i t e and o f f - s i t e drainage 
f a c i l i t i e s . Interre lat ionships between e x i s t i n g and proposed f a c i l i t i e s 
could be e a s i l y and quickly analyzed. In addition a l ternat ive designs 
(proposed by the County or consult ing engineers) could be analyzed. 
S e c t i o n 70.0 - C o s t of Vn.cU.nagQ. Impn.ove.mmtA 
T h e f o l l o w i n g r e q u i r e m e n t s w i l l d e t e r m i n e I k e p r o p o r t i o n i n g of 
d r a i n a g e I m p r o v e m e n t c o s t s r e s u l t i n g f r o m t h e p r o p o s e d d e v e l o p m e n t . 
7 . If a l l t h e p r o p o s e d d r a i n a g e I m p r o v e m e n t s a r e c o n t a i n e d 
w i t h i n a n d a r e s o l e l y f o r t h e b e n e f i t of t h e p r o p o s e d 
d e v e l o p m e n t , t h e n t h e t o t a l c o s t of t h e s e I m p r o v e m e n t s 
w i l l b e b o r n e b y t h e d e v e l o p e r of t h e p r o p o s e d d e v e l o p ­
m e n t . 
2 . If s o m e of t h e p r o p o s e d d r a i n a g e i m p r o v e m e n t s a r e n o t 
c o n t a i n e d w i t h i n t h e p r o p o s e d d e v e l o p m e n t b u t a r e n e c e s ­
s i t a t e d b y a n d a c c r u e b e n e f i t s s o l e l y t o t h e p r o p o s e d 
d e v e l o p m e n t t h e n t h e t o t a l c o s t s of t h e s e i m p r o v e m e n t s 
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w i l t b e b o r n e b y t h e , d e v e l o p e r of t h e p r o p o s e d d e ­
v e l o p m e n t . 
3 - o f f - s i t e d r a i n a g e I m p r o v e m e n t s a r e r e q u i r e d a s t h e 
r e s u l t of m o r e t h a n o n e d e v e l o p m e n t t h e n t h e c o s t s of 
t h e s e I m p r o v e m e n t s w i l l b e p r o p o r t i o n e d a m o n g t h e d e ­
v e l o p e r s b e n e f i t e d . C o m p u t a t i o n p r o c e d u r e s f o r p r o ­
r a t i n g t h e d r a i n a g e c o s t s a r e g i v e n I n t h e C o u n t y ' ' s 
F l o o d C o n t r o l a n d E r o s i o n M a n u a l . 
4 . If a d e v e l o p e r w a n t s t o d e v e l o p a p o r t i o n of a n a r e a 
d r a i n i n g t o a p r o p o s e d o f f - s i t e d r a i n a g e I m p r o v e m e n t , 
b e f o r e t h i s I m p r o v e m e n t I s c o n s t r u c t e d , h e may u s e 
e i t h e r of t h e f o l l o w i n g o p t i o n s : 
. A. c o n s t r u c t t l i e p r o p o s e d o f f - s i t e d r a i n a g e I m p r o v e ­
m e n t w h i c h w i l l s e r v e t h e e n t i r e a r e a d r a i n i n g t o 
t h i s f a c i l i t y , o r ft 
8. p r o v i d e t h e f u n d s f o r t h e c o n s t r u c t i o n of t h i s 
d r a i n a g e f a c i l i t y . 
T h i s w i l l a l l o w t h e d e v e l o p e r t o p r o c e e d w i t h t h e I m p r o v e ­
m e n t s of 'nls l a n d w i t h o u t d a m a g i n g t h e p r o p e r t i e s of o t h e r s 
[ a s s u m i n g , I f o p t i o n B I s s e l e c t e d , t h e C o u n t y c o n s t r u c t s 
t h e d r a i n a g e f a c i l i t y b e f o r e I m p r o v e m e n t s a r e m a d e ) . T h e 
C o u n t y w i l l e n d e a v o r t o c o l l e c t , o n p r o - r a t a b a s i s , a n y 
e x c e s s f u n d s p l u s I n t e r e s t e x p e n d e d b y t h i s d e v e l o p e r b e ­
y o n d h i s p r o p o r t i o n a t e s h a r e of t h e c o s t of s u c h I m p r o v e ­
m e n t s f r o m f u t u r e p r o p e r t i e s w i t h i n t h e w a t e r s h e d s e r v e d 
b y s u c h d r a i n a g e I m p r o v e m e n t s w h e n s u c h p r o p e r t i e s a r e _ 
d e v e l o p e d w i t h i n a p e r i o d of t e n y e a r s f r o m t h e d a t e t h a t 
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the drai nag e imp no v erne vxts are financed OK constructed. 
These funds plus interest, if collected, will be turned 
over to the Initial developer or his assigns. 
5. If the County chooses to provide drainage facilities, 
the cost of these facilities will be prorated and as­
sessed as a development cost when and If development 
occurs on the affected,lands within a ten year period. 
Commentary 
S e c t i o n 10.0 - C o s t o f D r a i n a g e Improvements . Only Tampa and 
Fairfax C o u n t y ' s o r d i n a n c e s d e a l t w i t h c o s t o f d r a i n a g e improvemen t s . 
Tampa a s s e s s e s the d e v e l o p e r s f o r needed d r a i n a g e f a c i l i t i e s a c c o r d i n g 
t o the amount o f r u n o f f r e s u l t i n g from t h e i r deve lopmen t c a l c u l a t e d a s 
a p e r c e n t a g e o f t he t o t a l r u n o f f . F a i r f a x County s t a t e s t h a t t he amount 
o f i m p e r v i o u s a r e a may be s u b s t i t u t e d f o r r u n o f f q u a n t i t i e s . Any number 
o f d i f f e r e n t p r o - r a t a s y s t e m s c o u l d be used b u t the d e t a i l s o f p r o r a t i n g 
the c o s t s s h o u l d be c o n t a i n e d i n the C o u n t y ' s F l o o d and E r o s i o n C o n t r o l 
Manual w h i l e the g e n e r a l p o l i c i e s o f c o s t d i s t r i b u t i o n s h o u l d be i n ­
c l u d e d i n the o r d i n a n c e . 
The r e a s o n s t h a t t h e c o s t o f d r a i n a g e improvements a r e i n c l u d e d 
i n t h i s d r a i n a g e o r d i n a n c e a r e : 
1. T h i s s e c t i o n s t a t e s t h e p o l i c y o f t h e County w i t h r e s p e c t 
to c o s t o f d r a i n a g e improvemen t s . 
2. As d i s c u s s e d i n o t h e r s e c t i o n s o f t h i s c h a p t e r , t h e u se o f 
r e t e n t i o n f a c i l i t i e s i n some o f the a r e a s s t u d i e d h a s r e ­
s u l t e d i n t he p r o l i f e r a t i o n o f s m a l l ponds s c a t t e r e d around 
the C o u n t y . T h i s t y p e o f a p p r o a c h t o f l o o d c o n t r o l c o u l d 
11.3 
resu l t in health and maintenance problems, Thus, in order 
not to infer that th i s ordinance encourages the use of 
numerous small f a c i l i t i e s , th i s sec t ion e s t a b l i s h e s several 
s p e c i f i c ways that consolidated f a c i l i t i e s can be funded by 
e i ther i n i t i a t i o n from private developers or under county 
d i r e c t i o n . 
3. Some system should be used whereby those that are affected 
and accrue benef i t s from s p e c i f i c f a c i l i t i e s should a l so be 
the ones to pay the cost of these f a c i l i t i e s rather than 
having everyone in the area pay the costs. 
At the present time, Tampa's cost sharing system i s voluntary but 
the c i t y personnel report no major problems in obtaining funds from the 
developers. The developers contacted voiced approval of the system. 
Fairfax County has designated certa in areas of the County where 
pro-rata cost sharing i s required. The County personnel ant i c ipate that 
pro-rata cost sharing w i l l be required for the ent ire County in the near 
future. These personnel report no major problems in the administration 
of th i s program. 
Thus, the purpose and intent of th i s sec t ion i s to require de­
velopers of land to pay their proportionate share of the cost of pro­
viding reasonable and necessary drainage f a c i l i t i e s , located within and/ 
or outs ide the property l i m i t s of the land owned or control led by the 
developers, but necess i ta ted or required, at l e a s t in part , by the con­
s truct ion or improvement of their development, 
S e c t i o n 1 1 . 0 - En.obi.ovi a n d S e d i m e n t a t i o n C o n t r o l 
P r o p o s e d t e m p o r a r y a n d p e r m a n e n t e r o s i o n a n d s e d i m e n t c o n t r o l 
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plans shall be submitted with, each application for a development permit. 
These plans shall specify In detail the erosion and sediment control 
measures to be used during all phases of clearing, grading, filling, 
construction, and permanent development and accurately describe their 
proposed operation. In addition, these plans shall be In accordance 
with the latest specifications and recommendations as outlined In the 
County's Flood and Erosion Control Manual. 
No clearing, grading, excavating, filling or otherwise disturbing 
natural terrain will be permitted until approved County erosion and 
sediment control measures have been Installed except those operations 
needed to Install these measures. All erosion and sediment control 
measures shall be continuously maintained during the construction phase 
of the development. 
These erosion and sediment control measures shall apply to all 
features of the construction site. Including street and utility Instal­
lations as well as to the protection of Individual lots. 
Commentary . ' 
Section 11.Q - Erosion and Sediment Control. Except for Chicago 
a l l of the areas studied had some provis ions for erosion and sediment 
control in the ir ordinances. These provis ions ranged from Ingham 
County's statement that , "a l l disturbed s o i l s s h a l l be mulched, seeded 
and f e r t i l i z e d in a manner to prevent eros ion ," to a very elaborate 
erosion and sediment control program in Fairfax County. Fairfax's 
program included a deta i l ed erosion and sedimentation ordinance and 
several accompanying publ icat ions including an Eros ion-S i l ta t ion Control 
Handbook. 
115 
One of the major di f ferences between Section 11 of t h i s ordinance 
and some of the other ordinances studied (including Tampa, Fulton and 
Clayton Counties) i s that the s p e c i f i c d e t a i l s of what erosion and s e d i ­
ment control measures should be used and the implementation of these 
measures are proposed to be contained in the County's Flood and Erosion 
Control Manual rather than in the ordinance. This i s cons is tent with 
the emphasis in th i s t h e s i s that the drainage ordinance should be a 
pol icy statement and not an engineering document. 
There are many di f ferent erosion and sediment control methods and 
f a c i l i t i e s that could be used with new ones being continuously developed. 
Fairfax County s t a t e s that i t keeps i t s Eros ion-S i l ta t ion Control Manual 
in a draft form, "because of the amount of experimental work being done 
in urban erosion and s i l t a t i o n control and the continued d i f f i c u l t y in 
s e t t i n g s p e c i f i c qual i ty standards." 
Speci f ic controls can range from retaining natural vegetat ion to 
engineered s i l t a t i o n bas ins . Rather than trying to include a p a r t i a l 
l i s t of typical erosion and sediment control measures in the drainage 
ordinance, i t would be bet ter to adequately discuss the d e t a i l s and 
implementation of these measures in a separate document that could be 
continual ly updated. Then each development should be evaluated on a case-
by-case bas i s and methods used to most e f f e c t i v e l y control erosion and 
s i l t a t i o n from that area. 
Following i s a brief d i scuss ion , based on the r e s u l t s of i n t e r ­
views in the areas studied, of the major proposals contained in Section 
11 of t h i s ordinance: 
1. Temporary and permanent erosion and sediment control should 
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be an i n t e g r a l par t of a l l deve lopments . For smal l d e v e l o p ­
ments t h i s might be s imply p l a c i n g hay b a l e s around ca tch 
b a s i n s or r e t a i n i n g the n a t u r a l v e g e t a t i o n to a c t as a f i l t e r 
and trap sediment from storm runof f . For l a r g e developments 
s i l t a t i o n b a s i n s , d i k e s , s e e d i n g programs, e t c . , might be r e ­
q u i r e d . The e n g i n e e r and landscape a r c h i t e c t should be e n ­
couraged to u t i l i z e t h o s e methods which w i l l do the b e s t job 
of c o n t r o l l i n g e r o s i o n and sediment from each development . 
2 . I t i s important to i n s t a l l proposed e r o s i o n and sediment con­
t r o l measures b e f o r e any c o n s t r u c t i o n o p e r a t i o n s b e g i n . I t 
has been the e x p e r i e n c e i n Cobb County t h a t many d e v e l o p e r s 
w i l l w a i t f o r a s l a c k p e r i o d during c o n s t r u c t i o n to i n s t a l l 
t h e s e measures . In many i n s t a n c e s t h i s i s a f t e r the area has 
been c l e a r e d and graded and a l lowed t o erode f o r an extended 
per iod of t ime . 
3 . Maintenance of e r o s i o n and sediment c o n t r o l measures i s proba­
b l y the most important a s p e c t of any e r o s i o n and sediment 
c o n t r o l program and one of the most d i f f i c u l t t o a d m i n i s t e r . 
Many of the c o n t r o l measures ( b a s i n s , d i k e s , e t c . ) are d e ­
s i g n e d to be c o n t i n u a l l y m a i n t a i n e d , e s p e c i a l l y a f t e r heavy 
r a i n s , t o i n s u r e t h a t they opera te a s d e s i g n e d . However, 
none of the areas s t u d i e d had adequate , i f any, p e r s o n n e l to 
c o n t i n u a l l y i n s p e c t development s i t e s . The i n e v i t a b l e r e s u l t 
i s that t h e s e f a c i l i t i e s become i n o p e r a t i v e and do not 
f u n c t i o n to c o n t r o l e r o s i o n and sediment as they were d e ­
s i g n e d . This problem of maintenance w i l l be d i s c u s s e d 
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further in Section 13 - Maintenance. 
Erosion and sediment control of s t ree t and u t i l i t y i n s t a l l a t i o n s 
i s very important. In Cobb County, there have been several instances 
where developers have cleared and graded roadway areas and have then 
stopped construction operations for several weeks allowing these areas 
to erode. Although quant i t i es of sediment were never measured, large 
amounts of sediment or ig inat ing from th i s road construction were de­
posited downstream (1-2 miles) re su l t ing in considerable damage to 
property and ex i s t ing lakes . Thus, i t i s important to emphasize in the 
ordinance that erosion and sedimentation control i s needed for these 
operat ions. Tampa, Clayton and Fairfax Counties Included some regu­
l a t i o n s for contro l l ing erosion and sediment from s t r e e t and/or u t i l i t y 
i n s t a l l a t i o n s . 
S e c t i o n 12 - G r a d i n g a n d D r a i n a g e P l a n s R e q u i r e d 
G r a d i n g a n d d r a i n a g e p l a n s A k a i l b e s u b m i t t e d w i t h e a c k a p p l i ­
c a t i o n f o r a d e v e l o p m e n t p e r m i t . T h e r e s u l t s of a l l k y d r o l o g l c a n d 
h y d r a u l i c s t u d i e s I n c l u d i n g t h e 1 0 0 - V e a r V l o o d C o n t o u r E l e v a t i o n m u s t 
b e c l e a r l y s h o w n o n a l l s i t e p l a n s w h e r e a p p l i c a b l e . I n a d d i t i o n , a 
s o i l s I n v e s t i g a t i o n r e p o r t t o e v a l u a t e p o s s i b l e d r a i n a g e a n d e r o s i o n 
p r o b l e m s may b e r e q u i r e d a t t h e o p t i o n of t h e C o u n t y E n g i n e e r w h e r e h e 
f e e l s t h a t u n s t a b l e s l o p e s o r o t h e r s i t e c o n d i t i o n s w a r r a n t s u c h a 
s t u d y . 
A d e t a i l e d d i s c u s s i o n of I n f o r m a t i o n t o b e I n c l u d e d I n t h e a b o v e 
p l a n s a n d r e p o r t s i s c o n t a i n e d I n t h e C o u n t y 1 s F l o o d a n d E r o s i o n C o n t r o l 
M a n u a l . 
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Commentary 
Section 12 - Grading and Drainage Plans Required. All areas 
studied required drainage and/or grading plans ̂ for proposed developments. 
Some areas excluded very small lots (1/4 acre or less) from the require­
ment of having to submit a formal plan and only required a sketch of the 
proposed drainage. > 
Tampa, Chicago, Fairfax and Ingham County's ordinances contained 
a large amount of detail pertaining to the scope and content of required 
plans. Following are some typical requirements contained in these ordi­
nances: 
1. required information to be shown on plans (e.g., contour 
intervals, channel profiles, utilities, street construction 
plans, drainage information), 
2. requirements pertaining to approval and coordination with 
other governmental agencies and private utilities, 
3. special requirements pertaining to drainage plans for small 
areas. 
This type of information should be contained and discussed in 
detail in the County's Flood and Erosion Control Manual and not In the 
ordinance. This will provide more opportunity for a complete discussion 
of the many details involved and also allow for updating of the re­
quirements without affecting the intent of the ordinance. 
Tampa, Chicago, Fairfax and DeKalb Counties all required that 
the flood plain area be shown on the drainage plans. This provides a 
good graphical representation of the interrelationships between the 
proposed development and the flood plain area. In some cases this also 
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i n f o r m s a d e v e l o p e r o r p u r c h a s e r o f t h e r e l a t i o n s h i p b e t w e e n t h e p r o p e r t y 
he i s d e v e l o p i n g or p u r c h a s i n g and t h e l o c a t i o n o f t h e f l o o d p l a i n . 
Only Tampa and F a i r f a x County r e q u i r e d s u b m i t t a l o f s o i l s t u d i e s . 
S o i l s t u d i e s a r e p r o b a b l y n o t n e c e s s a r y f o r e v e r y d e v e l o p m e n t b u t c o u l d 
p l a y an i m p o r t a n t p a r t i n e v a l u a t i n g c e r t a i n d r a i n a g e and e r o s i o n 
p r o b l e m s . Thus t h e County E n g i n e e r s h o u l d h a v e t h e o p t i o n o f r e q u e s t i n g 
t h e s e s t u d i e s and f o r p u b l i c i n f o r m a t i o n t h e o r d i n a n c e s h o u l d c o n t a i n 
some m e n t i o n t h a t s u c h s t u d i e s m i g h t b e r e q u i r e d . Many o f t h e a r e a s 
s t u d i e d w e r e c o v e r e d by U . S . S o i l C o n s e r v a t i o n S e r v i c e s S o i l S u r v e y 
s t u d i e s w h i c h c o u l d b e u s e d i n e v a l u a t i o n o f d r a i n a g e p r o b l e m s . 
Section 13:0 - Maintenance 
Any portion of the drainage system, including on-site and off-
site storage facilities, that is constructed by the developer will be 
continuously maintained by the owner or owners subsequent in title of 
the affected lands unless It Is officially accepted by the County Engi­
neer for Couyity maintenance. In addition, where debris or sediment has 
accumulated In such a manner as to interfere with the free flow of water 
or adequate functioning of drainage facilities, the County Engineer shall 
require the owner of such properties to clear and remove the debris or 
obstruction to permit the drainage system to function efficiently: 
After notice and reasonable diligent efforts to have the owner of 
the property remove the debris or obstruction, the County Engineer Is 
hereby authorized to enter upon such drainageways and clear or remove 
the debris or obstructions. The cost thereof shall be charged to the 
owner of the property where said debris and/or obstruction was gener­
ated. The County shall not charge Such costs to the owners where the 
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debris on obstruction within the drainageway was not generated from his 
own property or caused by the owner's negligence or action. 
If it cannot be determined from what property the debris or 
obstruction was generated, or if the debris or obstruction was not caused 
by anyone's negligence or action, then the County will arrange for Its 
removal. 
C o m m e n t a r y 
S e c t i o n 1 3 . 0 - M a i n t e n a n c e . T h e D e K a l b C o u n t y D r a i n a g e E n g i n e e r 
r e p o r t s , a n d t h i s s e n t i m e n t w a s e c h o e d i n a l l o f t h e a r e a s s t u d i e d , t h a t 
t h e o n e m a j o r p r o b l e m p l a g u i n g t h e D r a i n a g e D e p a r t m e n t , b o t h i n t h e 
a p p l i c a t i o n o f t h e d r a i n a g e o r d i n a n c e a n d i n t h e e n t i r e d r a i n a g e p r o g r a m , 
i s t h e p r o b l e m o f m a i n t a i n i n g t h e d r a i n a g e s y s t e m . 
I n t h e a r e a s s t u d i e s , t h i s p r o b l e m o f m a i n t e n a n c e i s h a n d l e d i n 
t w o d i f f e r e n t w a y s : 
1 . I n C h i c a g o , I n g h a m a n d F a i r f a x C o u n t i e s , t h e C o u n t y , M e t r o ­
p o l i t a n S a n i t a r y D i s t r i c t , o r l o c a l c o m m u n i t i e s m a i n t a i n t h e 
e n t i r e d r a i n a g e s y s t e m e x c e p t f o r s o m e l a r g e d e v e l o p m e n t s 
w h e r e t h e d e v e l o p e r h a s a g r e e d t o m a i n t a i n t h e s y s t e m w i t h i n 
t h e s e a r e a s . 
2 . I n Tampa a n d t h e A t l a n t a M e t r o p o l i t a n A r e a , t h e c i t i e s o r 
c o u n t i e s o n l y m a i n t a i n t h o s e p o r t i o n s o f t h e d r a i n a g e s y s t e m 
t h a t a r e w i t h i n t h e m u n i c i p a l i t i e s ' r i g h t - o f - w a y a n d t h o s e 
a r e a s s p e c i f i c a l l y a c c e p t e d f o r c o u n t y o r c i t y m a i n t e n a n c e . 
T h e m a i n t e n a n c e o f t h e d r a i n a g e s y s t e m t h a t i s l o c a t e d o n 
p r i v a t e p r o p e r t y i s d e l e g a t e d t o t h e o w n e r s o f t h e a f f e c t e d 
l a n d . 
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F o l l o w i n g a r e some prob lems which have been e n c o u n t e r e d w i t h b o t h 
o f t h e s e a p p r o a c h e s t o m a i n t e n a n c e o f t he d r a i n a g e s y s t e m : 
1. In C h i c a g o , Ingham and F a i r f a x C o u n t i e s , the major p rob lem 
i s o b t a i n i n g enough money and p e r s o n n e l t o do an a d e q u a t e 
j o b of m a i n t e n a n c e . 
2. In Tampa and t h e A t l a n t a M e t r o p o l i t a n A r e a i t ha s p r o v e n v e r y 
d i f f i c u l t and unpopu la r t o g e t t he owners o f p r i v a t e l and t o 
a d e q u a t e l y m a i n t a i n t he d r a i n a g e s y s t e m . In many c a s e s the 
m u n i c i p a l i t y ha s u n o f f i c i a l l y a c c e p t e d the ma in t e na nc e o f 
p o r t i o n s o f the s y s t e m . Many of t h e p e r s o n s i n t e r v i e w e d i n 
the A t l a n t a M e t r o p o l i t a n A r e a f e l t t h a t i n t h e n e a r f u t u r e 
t h e c o u n t i e s and c i t i e s would be a c c e p t i n g t he m a i n t e n a n c e 
r e s p o n s i b i l i t y o f t he e n t i r e d r a i n a g e s y s t e m . 
3. Where t he m u n i c i p a l i t i e s have a c c e p t e d t h e m a i n t e n a n c e r e ­
s p o n s i b i l i t y f o r the d r a i n a g e s y s t e m , t he c o n s t r u c t i o n o f 
c o n s o l i d a t e d s t o r a g e f a c i l i t i e s i s e n c o u r a g e d f o r e a s e o f 
m a i n t e n a n c e , among o t h e r r e a s o n s . In t he A t l a n t a M e t r o ­
p o l i t a n A r e a the m a j o r i t y o f t h e s t o r a g e f a c i l i t i e s c o n ­
s t r u c t e d h a v e b e e n s m a l l o n - s i t e f a c i l i t i e s . T h i s p r o ­
l i f e r a t i o n o f s m a l l f a c i l i t i e s w i l l be d i f f i c u l t t o m a i n t a i n 
i f and when the c o u n t i e s o r c i t i e s a c c e p t the m a i n t e n a n c e 
r e s p o n s i b i l i t y . 
4. Of a l l t he a r e a s s t u d i e d , o n l y Ingham County had a s y s t e m a t i c 
s y s t e m o f p r e v e n t i v e m a i n t e n a n c e o f t h e d r a i n a g e s y s t e m . 
Most o f the m a i n t e n a n c e done i n t he o t h e r a r e a s was done i n 
r e s p o n s e t o s p e c i f i c c o m p l a i n t s o r f o r t h e a l l e v i a t i o n of 
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known drainage problems. In most cases these areas did 
not have the personnel necessary to. provide"a system of 
preventive maintenance. 
I t i s readily apparent that i f a drainage system i s not adequate­
ly maintained, I t w i l l not function as designed and the overa l l e f f e c t i v e ­
ness of the system w i l l be decreased. The persons interviewed in the 
Atlanta Metropolitan Area f e l t i t i s extremely d i f f i c u l t to administer 
a maintenance program that i s dependent on private individuals to pro­
vide most of the maintenance. I t has b een the ir experience that when 
the maintenance r e s p o n s i b i l i t y i s l e f t up to private owners, l i t t l e or 
no maintenance of the drainage system i s done. Many of these people 
f e l t the County should accept the re spons ib i l i t y of maintaining the 
system to ensure that the drainage system w i l l function adequately to 
protect the c i t i z e n s from poss ib le flood damages caused by obstructions 
in the system. I t was a lso f e l t that i f the County accepted the mainte­
nance r e s p o n s i b i l i t y , then the ent i re drainage system would rece ive some 
maintenance. If the County accepts the maintenance of the drainage 
system then Section 13.0 of t h i s ordinance would not be needed. This 
sec t ion was included for use in the Atlanta Metropolitan Area or other 
areas where the maintenance of the system i s delegated to the property 
owners. 
Section 13.0 of th i s ordinance was modeled after a s imilar sec t ion 
in DeKalb and Fulton County's ordinance. Following i s a brief d iscuss ion 
of some of the provis ions included in t h i s s ec t ion: 
1. The f i r s t part of Section 13 s t a t e s that the maintenance 
r e s p o n s i b i l i t y for that portion of the drainage system 
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c o n t a i n e d on p r i v a t e property w i l l be mainta ined by the 
owner of the a f f e c t e d p r o p e r t y . As d i s c u s s e d above , t h i s 
i s the p o l i c y i n Tampa and the A t l a n t a M e t r o p o l i t a n Area. 
I t might add i n c e n t i v e for maintenance to make a proper ty 
owner s p e c i f i c a l l y l i a b l e for a l l damages i n f l i c t e d on 
o t h e r s because of h i s l a c k of maintenance . The l e g a l i m p l i ­
c a t i o n s of such an a c t i o n would have to be i n v e s t i g a t e d for 
each community. In a d d i t i o n , such an a c t i o n cou ld r e s u l t i n 
the f o l l o w i n g problems: 
a . Many t imes a f t e r a storm i t i s d i f f i c u l t t o determine 
where d e b r i s or sediment o r i g i n a t e d . I t would be even 
more d i f f i c u l t t o determine whether l a c k of maintenance 
caused the d e b r i s and sediment to l e a v e one p e r s o n ' s 
proper ty and damage a n o t h e r s . 
b . A s m a l l amount of d e b r i s from one proper ty might not 
cause s e r i o u s problems during a s torm, but the accumu­
l a t e d e f f e c t s of l a c k of maintenance by many property 
owners cou ld cause s i g n i f i c a n t damages. I t would be 
d i f f i c u l t to a p p r o p r i a t e t h e s e damages among a l l t h o s e 
r e s p o n s i b l e . 
c . I t i s o f t e n p o l i t i c a l l y unpopular for the County to 
f o r c e property owners t o pay for r e l a t e d f l o o d damages, 
even i f t h e i r l a c k of maintenance cause them. Many 
p e o p l e f e e l t h a t maintenance of drainageways i s a County 
r e s p o n s i b i l i t y no matter what the ord inance s t a t e s . 
d. The p o s s i b i l i t y of l e g a l a c t i o n s n e c e s s a r y to e n f o r c e 
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such a pol icy could be p o l i t i c a l l y unpopular. 
2. Because of the d i f f i c u l t y in ge t t ing individual property 
owners to adequately maintain the ir portion of the drainage 
system, i t has been found in the Tampa and Atlanta area that 
at times i t i s necessary for the County's personnel to enter 
upon private lands to c lear or remove debris or obstructions 
to insure the adequate functioning of the drainage system. 
Thus, provisions have been stated in Section 13 to allow 
personnel from the loca l County to perform t h i s work and 
charge the cost to the owner of the property where said debris 
and/or obstruction was generated. 
3 . As contained in DeKalb County's ordinance the l a s t part of 
Section 13 s t a t e s that no one w i l l be responsible for the 
removal of debris or obstructions not generated from h i s 
property or caused by h i s own negl igence or ac t ion . In ad­
d i t i o n , when the source of debris or obstruction cannot be 
adequately determined, then the County should assume the 
r e s p o n s i b i l i t y for i t s removal. At no time should a property 
owner suffer damages as the resu l t of the act ions of others 
or from areas over which he has no control . Essent ia l ly th i s 
Is the pol icy that Fulton and DeKalb County have fol lowed. 
S e c t i o n 14.0 - S u b d i v i s i o n P l a t s 
P r o p o s e d t e n t a t i v e a n d f i n a l s u b d i v i s i o n p l a t s l o c a t e d c o n t i g u o u s 
t o on, w i t h i n t h e f l o o d p l a i n d i s t r i c t s h a l l n o t b e a p p r o v e d e x c e p t I n 
a c c o r d w i t h t h e f o l l o w i n g r e q u i r e m e n t s r 
125 
14.1 100-Year Flood Contour Elevation - Each plat 6kail, contain 
a notation clearly stating the 100-Year Flood Contour 
' Elevations as approved and accepted by the County Engineer. 
This elevation shall be designated on the plat by a heavy 
contour line. 
14.2 Minimum Lot krea - Ho lot shall be approved which has less 
than percent of the minimum lot area as established 
by the applicable zoning district regulations above the 
level of the 100-Year Flood Contour Elevation. 
14.3 Drainage Easement - Where a proposed Subdivision is trans-
versed by a watercourse, drainageway, canal or stream, 
appropriate dedication or suitable easement provisions 
shall be made to accommodate storm water and drainage 
through and from the proposed Subdivision. Said dedication 
or easement shall conform substantially with the lines of 
said watercourse and be of sufficient width or construction, 
or both, as to be adequate for the purpose Including access 
for maintenance. The specific details pertaining to the 
size and extent of dedications or easements are contained 
In the County's Flood and Erosion Control Manual. 
Commentary 
Section 14.0 - Subdivision P l a t s . Although the d e t a i l s and regu­
la t ions pertaining to subdividing lands are usually covered i n sub­
d iv i s i on regulat ions , the requirements contained in Section 14.0 of 
th i s ordinance have d irect in terre la t ionsh ips with the other sec t ions 
of th i s ordinance, and c l a r i f y and strengthen the means of administering 
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the o rd inance . 
Sect ion 14 .1 - 100-Year Flood Contour E l eva t i on . The subd iv i s i on 
p l a t i s a map of a subd iv i s ion t h a t becomes a p a r t of pub l i c records of 
land d i v i s i o n . P l a t s a re f i l e d as p a r t of deeds in the County Reg is t ry 
of Deeds, in most s t a t e s . Thus for pub l i c in format ion , for both the 
i n i t i a l purchaser of a l o t and a l l subsequent p u r c h a s e r s , i t i s important 
to show how the 100-Year Flood Contour E leva t ion i s r e l a t e d to each l o t . 
This requirement i s c o n s i s t e n t wi th Ful ton and DeKalb County 's regu­
l a t i o n s . 
Sect ion 14.2 - Minimum Lot Area. Each l o t approved should have 
a s u i t a b l e b u i l d i n g s i t e above the 100-Year Flood Contour E l eva t i on . 
Chicago 's ordinance s t a t e s t h a t a "bu i ld ing s i t e " must be provided . 
This seems somewhat a r b i t r a r y and some gu ide l ine s should be e s t a b l i s h e d . 
By e s t a b l i s h i n g a percentage of the minimum l o t a rea for each r e s i d e n t i a l 
zoning c l a s s i f i c a t i o n , (a d i f f e r e n t percentage could be s e l e c t e d for 
each c l a s s i f i c a t i o n ) some f l e x i b i l i t y i s allowed in e s t a b l i s h i n g a s u i t a ­
b l e b u i l d i n g s i t e fo r each c l a s s i f i c a t i o n . This r e g u l a t i o n i s s i m i l a r 
to Fulton and DeKalb's r e g u l a t i o n where 50 and 70 pe rcen t r e s p e c t i v e l y 
of the minimum l o t a rea i s used. Air r i g h t s or t he use of a reas over 
the flood p l a i n d i s t r i c t but above the 100-Year Flood Contour E leva t ion 
could be used to s a t i s f y the requirements of t h i s s e c t i o n . 
Sect ion 14.3 - Drainage Easement. In order to allow for adequate 
dra inage and maintenance of the d ra inage system wi th in a s u b d i v i s i o n , 
i t i s important to des igna t e those a reas which w i l l a c t as drainageways. 
By des igna t ion of these a reas on the subd iv i s ion p l a t s , purchasers of 
l o t s w i l l be informed of the r e l a t i o n s h i p s between the dra inage through 
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and from the subdivision and their lot. This regulation is consistent 
with most of the ordinances studied. 
Section 15.0 Bonding 
The Bonding requirements {on. Subdivision and site plans skalZ 
Include a cask escrow guarantee wkick would assure tke County tkat 
emergency flood and erosion control measures could be taken by the 
County at the developer's expense If ke did not Initiate such action 
within suck period as determined by the County Engineer. Tke amount 
of suck bond will be determined by the County Engineer and will beheld 
by the County until all drainage and erosion control measures kave been 
accepted by the County. 
Commentary 
Section 15.0 - Bonding. This section of the ordinance assures 
the County that funds will be available to initiate emergency flood and 
erosion control measures. It was reported in several of the areas 
studied that situations have occurred where a developer will clear and 
grade a site and then, for financial or various other reasons, let it 
lie idle for an extended period of time. In cases like this, the County 
should have the financial means to install necessary control measures to 
protect other property in the area. This bonding requirement also gives 
the County some leverage to force a reluctant developer to install the 
flood and erosion control measures as approved, without going through 
long and costly legal action. Section 15.0 of this ordinance is con­
sistent with the requirements contained in Fairfax and Ingham County's 
ordinances. 
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Section 16.0 - Repeal of Conflicting On.divianc.QJ> 
The following ton.dlnavic.os oh. parts thereof are hereby repealed'-
Commentary 
Section 16.0 - Repeal of Confl ict ing Ordinances. This proposed 
ordinance i s designed to complement and supplement, rather than c o n f l i c t 
and overlap with e x i s t i n g regula t ions . I t i s a l so suggested that the 
most r e s t r i c t i v e regulat ions should preva i l . However, i f i t i s neces­
sary to repeal e a r l i e r ordinances, i t i s recommended not to use a general 
repeal . Instead, the parts or sec t ions that are in c o n f l i c t with th i s 
ordinance should be spec i f i ed in Section 16.0 af ter careful study by the 
attorney representing the l o c a l government and the County Engineer. 
Section 1.7.0 - Violation and Penalty 
Any person, firm, oh. corporation violating any of the provisions 
of this ordinance shall be deemed guilty of an offense and upon con­
viction thereof shall be punished as provided by [cite local law). Each 
day1s continuance of a violation shall be considered a separate offense. 
The owner of any lands or parts thereof, where anything In violation of 
this ordinance shall be placed or shall exist, and any person who may 
have assisted in the commission of any Such violation, shall be guilty 
of a separate offense, 
In any case In which any land Is or Is proposed to be used In 
violation of this ordinance or adopted amendment, the legal counsel of 
the County may, In addition to other remedies provided by law, Institute 
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injunction, abat.em.nt on. any appn.opn.iatc action on. actions to pn.cve.nt, 
enjoin, on. abate unlawful use. In addition, upon a finding by the 
County Engineer that any provision of this ordinance has been violated, 
alt development and building permits will be suspended until the vio­
lation has been corrected to the satisfaction of the County Engineer. 
Commentary 
Section 17.0 - Violat ion arid Penalty. A very e f f e c t i v e means of 
forcing developers to correct v i o l a t i o n s i s the suspension of develop­
ment and building permits. This usual ly does not involve the l ega l 
problems associated with prosecuting an offender. Especia l ly in erosion 
and sedimentation problems, i t i s necessary to quickly r e c t i f y v i o l a t i o n s 
to prevent the damages that might occur during a long l e g a l c o n f l i c t . 
Section 18.0 - Appeals 
In case of dissatisfaction with an act or determination In tke 
exercise of the authority granted herein to the County Departments 
charged with the administration of this ordinance, any person, firm or 
corporation shall have the right to appeal to [name of authorized board 
which handles appeals). 
Section 19.0 - Effective Vote 
This ordinance shall be In full force and effect from and after 
its passage, approval, and publication as provided by law. 
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CHAPTER V 
FORMULATING A DRAINAGE PROGRAM 
Following Is a brief d iscuss ion concerning several important 
aspects of any drainage program which have not been covered thus far . 
F l e x i b i l i t y In a Drainage Program 
One of the primary objec t ives interwoven throughout the previous 
four chapters i s the premise that a drainage program should contain 
enough f l e x i b i l i t y to allow the use of the best engineered so lu t ions for 
given drainage problems. This type of approach introduces several 
problems which deserve some mention. 
Administration of the Ordinance 
As wr i t ten , the ordinance in Chapter IV encourages the engineer 
to evaluate each drainage problem and try to devise an optimum so lut ion 
for that problem. Also, the county re ta ins f l e x i b i l i t y in designating 
the l i m i t s of the flood plain d i s t r i c t . Thus i t i s poss ib le that d i f ­
ferent r e s t r i c t i o n s would be applied to d i f ferent areas of the county. 
This w i l l introduce several problems in administering the ordinance. 
1. The county w i l l have to hire s u f f i c i e n t qual i f ied personnel 
to evaluate each development on a case-by-case b a s i s . 
2. In addit ion to studying the drainage within a development, 
the drainage in terre la t ionsh ips between a l l the developments 
within a watershed ( ex i s t ing and proposed) w i l l need evalu­
a t ion . 
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3. The county w i l l need to develop the technical aids necessary 
to do the above evaluat ions . 
4 . The county should consider taking an ac t ive ro le in the de­
s ign , operation, and maintenance of the drainage system. 
Al l of the drainage programs studied, except some from the Atlanta 
Metropolitan Area, have " f l ex ib le" drainage ordinances as proposed in 
th i s t h e s i s . These areas a l so have the resources and manpower necessary 
to evaluate a l l proposed developments. In the Atlanta Metropolitan Area 
the trend has been to wri te ordinances which are very s p e c i f i c and re ­
quire a l l developments to use storage f a c i l i t i e s to control drainage 
problems. Such ordinances might be considered "rigid" ordinances. I t 
i s eas i er to administer "rigid" ordinances because a standard se t of 
rules can be developed and applied to a l l developments. This a l so a l ­
lows the county to hire fewer personnel with l e s s training to administer 
the drainage program than would be required to administer a " f l ex ib l e" 
ordinance. 
The major disadvantage of a "rigid" ordinance i s that i t tends to 
resu l t in too much conformity in engineering des igns . Each design 
problem involves certa in aspects that are unique to a part icular s i t u ­
a t i o n . I t i s d i f f i c u l t to take into account a l l of these unique aspects 
in formulating general engineering rules and c r i t e r i a . In addi t ion , de­
sign methods and procedures change with time while many of the pro­
v i s i o n s of the ordinances studied did not . 
In many of the interviews conducted, questions were asked con­
cerning the bas i s used for including d i f ferent design and engineering 
c r i t e r i a in drainage ordinances. The usual response was that these 
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c r i t e r i a were adopted many years ago and had been accepted through the 
years by their continual use . Engineering c r i t e r i a included in ordi ­
nances can take on the nature of being accepted by the fact that they 
are included in the ordinance or because they have been used for such a 
long time. Thus, adopting a "rigid" ordinance for administrative ease 
has advantages and disadvantages which should be thoroughly considered. 
I t can be concluded from th i s d iscuss ion that one of the i n i t i a l 
steps in formulating a drainage program i s to evaluate thoroughly the 
general p o l i c i e s and object ives to be sought by a drainage program, and 
s p e c i f i c a l l y concerning th i s d i scuss ion , should a "f lex ib le" or "rigid" 
ordinance be adopted. Certainly an evaluation of e x i s t i n g drainage 
problems, ant ic ipated problems, and the economics involved in adopting 
a "f lex ib le" or "rigid" approach to their so lut ion would be important 
parts of any such evaluat ions . 
I t should a l so be remembered that adopting an ordinance without 
the resources necessary to enforce i t can resu l t in a serious erosion 
of the publ i c ' s confidence in the county's a b i l i t y to deal with drainage 
problems. This can greatly r e s t r i c t the county's a b i l i t y to obtain 
funds and personnel, which are subject to community and/or p o l i t i c a l 
approval. 
In summary, approaching a drainage problem with a standard so ­
lut ion cannot be the bas i s of an e f f e c t i v e drainage program. This 
opinion was shared by most of the personnel interviewed in a l l of the 
areas studied. These same people f e l t i t was e s s e n t i a l to have suf­
f i c i e n t qual i f ied personnel, both in the government ent i ty reviewing 
proposed developments and in the private sector designing these 
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developments, in order to adequately assess a l l drainage problems. Al­
though th i s does complicate the administration of the drainage program, 
many of the areas studied are continual ly moving away from standard 
so lut ions and incorporating more and more f l e x i b i l i t y in the ir drainage 
programs, 
I t should be remembered that much of the ingenuity and imagination 
that could be used to solve drainage problems can be s t i f l e d by "in­
f l e x i b l e " or "rigid" drainage ordinances. 
County's Role In Encouraging Innovative Drainage Solutions 
The author has concluded, based on h i s experience in Cobb County 
and as a resu l t of th i s study, that the private engineering sector has 
not been part icu lar ly innovative in finding so lut ions to drainage 
problems. I t seems the primary Interes t of the engineer, most l i k e l y 
spurred by pressure from developers, i s to get development plans ap­
proved by the county so proposed construction can proceed. Many of the 
engineers interviewed s tated that r ig id county rules and regulat ions 
which must be followed in order to get plans approved discourage i n ­
novation. The engineers know i t i s much eas ier to get county approval 
for standard than for new or untried des igns . As a r e s u l t , i f inno­
vat ive and imaginative designs are going to be applied to drainage 
problems, i t w i l l be up to the county to take the lead and provide the 
cl imate necessary to encourage such des igns . 
In order for the county to accomplish the above, i t w i l l have to 
h ire qual i f i ed personnel who can use the ir knowledge and expert i se to 
propose, encourage, and e f f i c i e n t l y review new and d i f ferent approaches 
to drainage problems. The Chicago Sanitary D i s t r i c t provides probably 
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the best example of the areas s tudied. They have employed a we l l qua l i ­
f ied s ta f f and have taken a leading role In much of the drainage work in 
their area (including development of a computer simulation model, model 
ordinance, and other technical a i d s ) . Many times those people who ap­
propriate funds disagree with the need to h ire s u f f i c i e n t qual i f i ed 
personnel and thus l i m i t the a f f ec t iveness of a drainage program. 
Technical Requirements 
The adequate administration of the ordinance proposed in th i s 
thes i s requires that the county have the technical aids necessary to 
adequately assess the e f f e c t s of proposed developments. 
The development and appl icat ion of some computer simulation model, 
i f not e s s e n t i a l , would be extremely helpful in administering a compre­
hensive drainage program (the benef i t s to be gained from such a model 
were discussed in Chapter II. of t h i s t h e s i s ) . Thus the proposed ordi -
nance was writ ten assuming that some computer simulation model would be 
used by the county in administering i t . The ordinance could be adopted 
and implemented without the aid of computer s imulation, but many sec t ions 
of the ordinance dealing with the combined e f f e c t s of several develop­
ments and changes in the l i m i t s of the flood p la in d i s t r i c t would be 
d i f f i c u l t to administer. 
Field Inspection 
Although i t i s r e l a t i v e l y easy and inexpensive for a county to 
adopt a drainage ordinance as proposed in t h i s t h e s i s , i t becomes much 
more d i f f i c u l t and expensive to administer the ordinance. Not only 
should the county ant i c ipate the need to h ire qual i f i ed o f f i c e personnel 
to administer the ordinance but s u f f i c i e n t qual i f ied f i e l d personnel 
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w i l l be needed. 
I t was universal ly voiced in a l l of the areas studied that f i e l d 
inspect ion was one of the major problems in their drainage program. 
Both the quantity and qual i ty of inspectors was far below what these 
personnel f e l t would be adequate to do a good job of implementing the ir 
drainage program. Adequate f i e l d inspect ion i s e s p e c i a l l y e s s e n t i a l in 
the area of erosion and sediment control . Unlike drainage, where f i n a l 
inspect ion can determine i f the proper f a c i l i t i e s have been i n s t a l l e d , 
e f f e c t i v e erosion and sediment control demands inspect ions of the con­
s truct ion s i t e and continuous maintenance. Sediment ponds f i l l up, hay 
bale barriers get destroyed or moved, berms and other erosion and s ed i ­
ment control f a c i l i t i e s get damaged or for some reason do not operate as 
designed. I t has been the author's experience, which was ver i f i ed in 
the areas studied, that unless construction s i t e s are adequately i n ­
spected, needed repairs and maintenance to erosion and sediment control 
f a c i l i t i e s are not done and these f a c i l i t i e s quickly become i n e f f e c t i v e . 
In order to decrease some of the required inspect ion , some areas 
have been successful in using a system of spot checking construction 
s i t e s with heavy f ines for v i o l a t i n g erosion and sediment control regu­
l a t i o n s (the City of Macon, Georgia has used such a system). None of 
the areas studied have used such a system nor have they s t r i c t l y en­
forced the ir erosion and sediment control regu la t ions . 
Random sampling with s t i f f f ines could encourage s e l f maintenance 
by owners, require fewer inspect ions , and ra i s e funds for the drainage 
program. Thus, in l i e u of h ir ing a large s ta f f of inspectors , some form 
of random sampling combined with f i n e s , as provided by law, could prove 
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e f f e c t i v e in enforcing a drainage ordinance. Personnel and resources 
avai lable plus l oca l p o l i t i c a l and economic condit ions w i l l determine, 
to a large extent , what administrative procedures are used in imple­
menting the ordinance. Each community should adopt procedures which 
prove to be most e f f e c t i v e for the ir part icular conditions and circum­
s tances . 
Before any ordinance i s adopted, the f inanc ia l r e s p o n s i b i l i t y of 
providing adequate f i e l d inspect ion should be assessed and provided for . 
Getting drainage, erosion and sediment f a c i l i t i e s designed and on the 
plans i s an important part of the drainage program, but ge t t ing them 
constructed, operating, and maintained has proved to be much more di f ­
f i c u l t . 
Planning Aspects of Proposed Urban Drainage Ordinance 
The proposed drainage ordinance has several land use planning 
aspects that deserve mention. One question that should be discussed i s , 
"Where should the proposed ordinance be applied in the planning process?" 
Should the ordinance be applied during the i n i t i a l planning stages or 
not u n t i l s p e c i f i c development proposals are reviewed? The answer i s , 
"The ordinance should be applied at several s tages in the planning 
process ." 
The proposed ordinance s t a t e s s p e c i f i c object ives re lated to a 
county's drainage program. These object ives should be incorporated in 
the county's overa l l planning program. The ordinance s t a t e s s p e c i f i c 
land use p o l i c i e s (areas included in flood p la in , uses in flood p l a i n s , 
spec ia l permits) which should be included in a l l land use planning ef­
f o r t s . Provisions of the proposed ordinance have s p e c i f i c consequences 
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with regard to the zoning process (improvements required, nonconforming 
uses , hydrologic and hydraulic s t u d i e s , and those provisions re lated to 
land u s e s ) . These provisions should be taken into account when pre­
paring zoning d i s t r i c t s and when rul ing on zoning changes and var iances . 
Thus, the proposed ordinance should be i n i t i a l l y applied when 
formulating object ives and continue throughout the implementation of 
s p e c i f i c ordinances and plans. 
In addit ion, the proposed ordinance, combined with computer simu­
l a t i o n , w i l l provide the means necessary to ant ic ipate and plan for the 
consequences of s p e c i f i c ac t i ons . The proposed ordinance s p e c i f i c a l l y 
requires the evaluation of drainage e f f e c t s o n - s i t e , upstream, and down­
stream from a proposed development. By evaluating drainage consequences 
of d i f ferent development and land use patterns , planners w i l l be able to 
recommend s p e c i f i c land use and pol icy dec is ions re la t ing to e x i s t i n g 
and future developments. 
Legal Considerations 
Before any county adopts a drainage ordinance, the county's l e g a l 
s ta f f should review the ordinance to ensure that i t does pot c o n f l i c t 
with loca l or s t a t e laws. As part of the review process that t h i s t h e s i s 
received, Mr. Steve M. Bull of the l ega l s ta f f of Black, Crow and 
Eidsness, I n c . , Engineers, reviewed and commented on the proposed model 
urban drainage ordinance in Chapter IV. This review resul ted in several 
wording changes throughout the ordinance, to c l a r i f y certa in terms and 
concepts. Also, Section 2.0 - Def in i t ions - was added for addit ional 
c l a r i f i c a t i o n . 
The major concern expressed by Mr. Bull was that counties would 
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be reluctant to accept the l i a b i l i t i e s and r e s p o n s i b i l i t i e s associated 
with adopting the proposed model ordinance. As discussed in several 
previous sect ions of th i s t h e s i s , th i s i s a major concern which should 
be thoroughly evaluated before a county adopts any drainage ordinance. 
Other than the above comments, Mr. Bull found no other l e g a l 
problems associated with the proposed model urban drainage ordinance. 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
As discussed in the introduction, there are four goals for th i s 
study. A concluding discuss ion oh the fu l f i l lment of these goals f o l ­
lows . 
Development of a Drainage Ordinance 
The f i r s t goal was to develop a drainage ordinance based on the 
experience of the personnel within the areas studied, e x i s t i n g ordi ­
nances, author's personal experience, and current l i t e r a t u r e concerning 
urban drainage ordinances. Such a drainage ordinance was developed and 
i s presented, in d e t a i l , in Chapter IV. 
Several problems were encountered during the development of t h i s 
proposed ordinance. At f i r s t , i t was ant ic ipated that s p e c i f i c pro­
v i s i o n s of the d i f ferent ordinances studied could be evaluated by re ­
l a t ing them to s p e c i f i c "hard data" ( e . g . , f lood damages, maintenance 
records, drainage complaints) . I t was quickly rea l ized these data were 
e i ther unavailable or in a form which did not allow comparisons between 
areas . This lack of data hampered any comparison of drainage problems 
before and af ter adoption of an ordinance. In the areas studied where 
a drainage ordinance has been in e f f e c t for several years , periodic 
changes in the provis ions of these ordinances have taken place with 
l i t t l e documentation as to why changes were made and what e f f e c t s 
resu l ted . 
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Thus, the major problems encountered were associated with the 
lack of hard data. As a r e s u l t , personal opinions, broad interpretat ions 
of avai lable documentation, general react ions of persons interviewed, 
inferred object ives and information were used to evaluate ordinance ade­
quacy and e f f e c t i v e n e s s . In order to remove as much ambiguity and mis­
interpretat ion as p o s s i b l e , the above information was compiled into case 
s tudies which were then reviewed by several persons from each area, to 
va l idate the accuracy of the material . A review of the references given 
at the end of each case study in the Appendixes shows that a large and 
diverse number of people had input. ' As a r e s u l t , these s tudies provide 
a good data base for documenting the proposed ordinance. 
Thus, the f i r s t goal of th i s study was f u l f i l l e d and a model 
urban drainage ordinance was developed. The adequacy and e f f e c t i v e n e s s 
of th i s proposed ordinance w i l l only be known when a county or c i t y 
adopts i t and assesses the re su l t s obtained. 
Use of Technical Information 
The second goal was to inves t iga te the use of technical in for­
mation in drainage and erosion control ordinances. In reviewing the 
ordinances from the study areas , i t was found that many of them contain 
a considerable amount of technical information ( e . g . , hydrologic pro­
cedures, engineering standards, technical s p e c i f i c a t i o n s ) . During the 
interviews, questions were asked re la t ing to why some part icular item 
of technical information was included and how often i t was updated. It 
was found in most cases the reasons or bas i s for including the in for ­
mation was not known and l i t t l e or no updating had been done. In many 
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cases technical information was accepted as being correct because of i t s 
inclusion in the ordinance and i t s use through the years . 
In developing an erosion and sediment control program in Fairfax 
County, a manual was prepared which contained technical information per­
taining to the administration of t h i s program. The personnel in the 
County f e l t th i s was the best approach to keeping the technical in for ­
mation relevant and up-to-date without continually drafting new ordi­
nances. 
I t i s concluded that separating the technical information from 
the ordinance i s advisable . This information should be contained in a 
separate document or documents. Thus, the second goal of t h i s study was 
f u l f i l l e d by suggesting the inc lus ions of a Flood and Erosion Control 
Manual as a companion document to the proposed model urban drainage ordi­
nance. 
Computer Simulation Study 
The third goal was to document the use of computer simulation in 
the DeKalb County Drainage Project and r e l a t e th i s work to the proposed 
drainage ordinance. The adequate administration of a drainage ordinance, 
as presented in th i s study, depends on advanced engineering techniques. 
Hydrologic computer simulation i s such a technique and i t s appl icat ion 
in DeKalb County r e l a t e s d i r e c t l y to many of the provis ions of the pro­
posed drainage ordinance. The documentation of the computer simulation 
study in DeKalb County brought out some of the basic concepts involved 
in simulation and how they can be applied in administering a drainage 
program. 
Hydrologic computer simulation can provide quick and accurate 
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evaluations of many drainage a l t e r n a t i v e s , evaluation of upstream and 
downstream e f f e c t s of a proposed development, evaluation of complex ar­
rangements of drainage s tructures , and evaluation of the water balance 
throughout a watershed or several watersheds. Thus, many of the pro­
v i s i o n s of the proposed urban drainage ordinance re la t ing to the hydro-
log ic and hydraulic e f f e c t s of a proposed development would be eas ier to 
administer with the aid of hydrologic computer s imulation. 
Since the DeKalb Study w i l l not be completed and the computer 
model operational u n t i l af ter t h i s study on urban drainage ordinances i s 
completed, i t i s not poss ib le to document the appl icat ion of the model 
by DeKalb County. Many questions such as operational c o s t s , acceptab i l i 
ty of the model r e s u l t s by County personnel* private developers and 
engineers , problems County personnel have in using the computer model, 
e t c . , cannot be answered u n t i l the model has been in operation for some 
time. 
However, in Ingham County, Michigan, where a s imilar simulation 
study was done, the County i s making routine use of the computer model 
to deal with these kinds of problems. 
Objectives and Problems of Urban Drainage Programs 
The fourth goal was to discuss the object ives and problems of 
urban drainage programs. This goal was the l e a s t f u l f i l l e d of the study 
goals because of the lack of avai lable information concerning the Ob­
j e c t i v e s and problems associated with the urban drainage programs 
studied. Many of the areas studied have only recently adopted a drain­
age ordinance. Thus, i t i s too soon to evaluate many of the problems 
involved in administering i t . The information that was obtained 
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concerning object ives and problems associated with the drainage programs 
studied, was used to document several of the provisions of the proposed 
ordinance and the discuss ions Included in the f i r s t part of Chapter III 
and Chapter V. 
In summary, th i s study of experiences , ordinances, and procedures 
of several urban drainage programs, has provided a good base for proposing 
an e f f e c t i v e urban drainage ordinance that can be adopted by both urban 
and urbanizing areas . 
Recommendations 
In drafting a model drainage ordinance i t i s d i f f i c u l t to take 
into account a l l the d i f ferent l o c a l condi t ions . As an example, con­
s iderat ion should be given as to how much one can regulate flood p la in 
land use before regulat ions begin to unduly l imi t the economic welfare 
of the county. The proposed ordinance might be too r e s t r i c t i v e in an 
area l i k e Galveston, Texas, where flood pla ins are very large , though 
i t might be quite appropriate for Atlanta, Georgia, where flood pla ins 
are far apart and quite small . Thus i t i s recommended that before the 
proposed ordinance i s adopted, each of the nineteen provis ions outl ined 
in Chapter IV be evaluated in terms of l oca l condi t ions . 
Several provis ions of the proposed ordinance (statement of ob­
j e c t i v e s , f lood plain d i s t r i c t uses , and spec ia l permits) contain l i s t s 
of typ ica l items that might be included within such a provis ion . I t i s 
not intended that a l l the items l i s t e d should be included in a l o c a l 
ordinance or that other items would not be appropriate. The l i s t i s 
given as a guide for a community to use in determining what items they 
w i l l include. As an example, the proposed ordinance l i s t s e ighteen 
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object ives in Section 3 . 0 . Some communities may prefer to l i m i t the ob­
j e c t i v e s to a few s p e c i f i c ones that pertain to l o c a l conditions while 
others might prefer a broader program. Local needs and p o l i t i c a l factors 
w i l l greatly a f fec t these kind of dec i s i ons . 
Should the 100-year flood be used as the bas i s for a l l flood and 
drainage ordinances throughout the United States or would i t be bet ter 
to determine by economic analys i s which design flood would be appropri­
ate for a given community? 
Because of recent rules and regulat ions establ i shed by the United 
S t a t e s F e d e r a l G o v e r n m e n t , a s p a r t o f t h e i r f l o o d i n s u r a n c e p r o g r a m , t h e 
100-year flood i s being accepted as the bas i s for a l l flood and drainage 
ordinances. In l i n e with t h i s , the 100-year flood was used as the bas i s 
for the proposed ordinance. This i s an area where more research and 
study i s needed. In contrast to using a standard design flood for a l l 
areas, i f an economic analys i s approach, based on associated costs and 
b e n e f i t s , were used i t would then be poss ib le for d i f ferent communities 
to use d i f ferent design floods as the bas i s for flood p la in d e l i n e a t i o n . 
Thus l o c a l conditions would determine what design flood should be used. 
This might complicate the administration of the drainage program, e s ­
p e c i a l l y the in terre la t ionsh ips between d i f ferent programs in the same 
geographical area, but conformity a l so has i t s disadvantages. Further 
research in th i s area i s needed before the 100-year flood becomes so 
standardized that i t w i l l be almost impossible to change. 
Last ly , i f a community plans to evaluate the e f f e c t s of the ir 
drainage program, some systematic data c o l l e c t i o n system should be 
i n i t i a t e d . Records documenting changes in the drainage program, 
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drainage complaints (including sever i ty and frequency), flood damages, 
e t c . , would be very helpful for future evaluat ions . A systematic c o l ­
l e c t i o n of such data had not been done in any of the areas s tudied, 
which l imited evaluation of the drainage programs. 
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APPENDIX A 
ATLANTA, GEORGIA METROPOLITAN AREA 
The Atlanta Metropolitan Area i s s i tuated in a geographic province 
ca l led the Piedmont Plateau in northwest Georgia. Atlanta l i e s at an 
e levat ion of around 1000 f ee t above sea l e v e l . The City of Atlanta i s 
b u i l t upon a s e r i e s of connecting r i d g e s , ca l led the Peachtree Divide. 
The eastern and southern s ides of the urban area drain to the At lant ic 
Ocean through the South River, which i s P a r t o f the Ocmulgee-Altamaha 
River system. The southern t ip of the divide drains to the F l in t River, 
while the western s ide drains d i r e c t l y into the Chattahoochee River 
(Figure A - l ) . The F l in t and Chattahoochee Rivers meet at the Florida 
border to form the Apalachicola River which empties into the Gulf of 
Mexico. 
The topography of the area i s h i l l y with e levat ions varying from 
740 to 1,680 f ee t above mean sea l e v e l . The high e levat ions are repre­
sentat ive of the tops of several dominant geologic features such as 
Stone Mountain and Kennesaw Mountain, and are not typ ica l of the other­
wise r o l l i n g countryside. The maximum e l e v a t i o n , excluding these 
features i s on the order of 1,250 f ee t above mean sea l e v e l . 
The region l i e s in the Piedmont Plateau which i s underlain with 
deeply weathered c r y s t a l l i n e rocks. Along the Chattahoochee River, the 
surface i s rugged and extremely h i l l y , as i s the case a l so in portions 
of the Yellow and Etowah River Basins. 
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Figure A- l . Atlanta, Georgia and Vic in i ty - Major River Patterns 
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The Atlanta Metropolitan Area i s e s s e n t i a l l y one of abundant ra in­
f a l l . The average annual r a i n f a l l i s about 52 inches per year , . (1) . As 
a consequence of the abundant r a i n f a l l , annual runoff from streams i s 
high. Average annual runoff from the watersheds in th i s area range from 
15 to 24 inches per year ( 1 ) . 
Following are the four case s tudies for the City of Atlanta, 
DeKalb, Fulton, and Clayton Counties. These were the areas in the 
Atlanta Metropolitan Area which agreed to par t i c ipate in t h i s study. 
City of Atlanta 
City of Atlanta Drainage Program 
With several of the Atlanta Metropolitan Counties a c t i v e l y en­
gaged in developing the ir drainage programs, the City of Atlanta i s 
taking a long hard look at i t s own drainage program to determine whether 
or not i t i s e f f e c t i v e in dealing with present and ant ic ipated drainage 
problems. The City of Atlanta has a Flood Control Ordinance dated 1963 
and several provis ions of i t s 1967 Rules and Regulations Governing 
Private Development of Sanitary or Storm Sewers deal with drainage. The 
City has a l so adopted So i l and Erosion Control Regulations pertaining 
to the grading of land. 
Following i s a d iscuss ion of the City of At lanta 's drainage 
program and some proposed changes. 
City Personnel Dealing with Drainage. The City of At lanta's 
drainage program i s administered by the Public Works Department, under 
the d irec t ion of the Private Development Coordinator and h i s a s s i s t a n t . 
They review a l l development plans and drainage s t u d i e s , and the Private 
Development Coordinator did most of the work in drafting the Ci ty ' s 
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drainage regulat ions . At the present time neither the Private Develop­
ment Coordinator or h i s a s s i s t a n t are graduate engineers . They are, 
however, long-time employees of the Public Works Department with many 
years of pract i ca l experience dealing with drainage problems. 
Recently the City has required retent ion storage f a c i l i t i e s for 
several developments. The hydrologic and hydraulic s tudies done for 
these f a c i l i t i e s were reviewed by a graduate engineer from the Ci ty ' s 
Engineering Department. 
The City of At lanta 's Planning Department has had very l i t t l e 
involvement with the Ci ty ' s drainage program. The Planning Department's 
a c t i v i t i e s , dealing with the drainage program, have been l imited to r e ­
viewing the draft ordinances and regulat ions which were prepared by the 
Public Works Department. 
Formulation of Goals and Object ives . In reviewing the City of 
At lanta's publ icat ions pertaining to drainage, and interviewing the City 
personnel who work with and enforce the drainage program, i t was found 
that there are no stated goals or object ives for t h i s program. In ad­
d i t i o n , several of the persons interviewed stated that whatever drain­
age program now e x i s t s has evolved through the years and no one has ever 
stated any goals or object ives for the program. 
Current Level of Service . As part of their drainage program, the 
City of Atlanta provides the following s e r v i c e s . 
1. Review plans for approval of development permits (taking into 
account zoning and subdivis ion regu la t ions ) , inspect work for 
compliance during construct ion, and make o n - s i t e inspect ion 
and review of "as b u i l t " drawings for f i n a l acceptance of work. 
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2 . Provide emergency response to flooding s i t u a t i o n s , rendering 
such ass i s tance as i s necessary and poss ib le to minimize 
hazards to l i f e and property. 
3. Provide technical ass i s tance to the res idents of the City to 
help a l l e v i a t e drainage problems. 
4. Maintain function of e x i s t i n g drainage structures and f a c i l i ­
t i e s s p e c i f i c a l l y accepted for City maintenance; repair , 
modify or replace e x i s t i n g obsolete structures to extent of 
capabi l i ty . Following are some of the serv ices the City has 
rendered in th i s area. 
A. In some cases , i f a c i t i z e n wants to have storm sewer 
pipe i n s t a l l e d , the City w i l l i n s t a l l the pipe i f the 
c i t i z e n w i l l purchase i t . 
B. The City w i l l remove major blockages from watercourses 
that are beyond the means of the private c i t i z e n ( large 
t r e e s , automobiles, e t c . ) . 
C. The City does sOme debris removal along major water­
courses . 
Methods Used in Drafting Atlanta's Drainage Regulations. The 
Ci ty ' s e x i s t i n g rules and regulat ions pertaining to drainage, flood con­
tro l and sediment control were drafted by the Public Works Department. 
The Planning Department reviewed these documents before they were adopted. 
These documents are based on the Ci ty ' s experience with the ir drainage 
program and the regulat ions and ordinances that have been adopted by the 
l o c a l metropolitan count ies . 
Provisions of the City of At lanta's Regulations. The City has 
156 
several regulations pertaining to drainage and related areas . Following 
i s a brief discuss ion of these regulat ions . 
1. Rules and Regulations Governing Private Development of Sani­
tary or Storm Sewers - These regulat ions require submittal of 
plans showing flood e levat ions (based on the 50-year f l o o d ) , 
s p e c i f i e s what hydrologic methods are to be used for storm 
sewer design, g ives s p e c i f i c drainage and flood design 
c r i t e r i a , and regulat ions pertaining to grading. 
2. City of At lanta 's Flood Control Ordinance - This ordinance 
e s tab l i shes a 50-year flood plain and l i s t s the l imi ta t ions 
on development within these flood pla in areas . (Recently the 
City adopted the use of a 100-year flood p l a i n . ) 
3 . Ordinance to Regulate the Grading of Land Within the City of 
Atlanta - This ordinance s p e c i f i e s the condit ions under which 
a grading permit would be needed, plans required, po l lu t ion 
r e s t r i c t i o n s , drainage standards to be followed when grading, 
and requirements for retent ion of mud and debris . 
Hydraulic and Hydrologic Studies . The City only requires hy­
draul ic and hydrologic s tudies when they f e e l there i s a s p e c i f i c need 
for them. This dec is ion i s made by the Private Development Coordinator. 
In the past , s tudies were done only i f the Private Development Coordi­
nator f e l t a serious drainage problem might resu l t from the proposed 
development. Recently the required o n - s i t e retent ion f a c i l i t i e s have 
necess i ta ted deta i l ed hydraulic and hydrologic s t u d i e s . 
Drainage Plans. The Public Works Department requires a drainage 
plan for developments of one acre or more or where the Department f e e l s 
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there i s a potent ia l for drainage problems. Where development i s hear 
or in the flood pla in , the major•requirement.-Of the Public Works De­
partment i s that the cut and f i l l in the flood plain be balanced so that 
no storm runoff storage i s l o s t due to f i l l i n g within the flood p l a i n . 
Flood Plain Area. Unti l recently the City used the 50-year storm 
as the design storm for determining the flood pla in areas. The Corps of 
Engineers has now revised the ir flood plain s tudies for the City so that 
they are now based on the 100-year storm. 
Regulating U t i l i t i e s in the Flood P la in . The City does not have 
any regulat ions contro l l ing the i n s t a l l a t i o n of u t i l i t i e s within the 
flood plain areas. I t was estimated by the Superintendent of Sewer 
Maintenance and Construction that approximately 500 u t i l i t y cross ings 
are above the normal water surface but s t i l l within the flood p la in . 
He a l so commented that each spring several of these i n s t a l l a t i o n s are 
damaged by flood waters causing a serious po l lu t ion and maintenance 
problem. In addit ion, during high water stages these f a c i l i t i e s catch 
debris and in ter fere with the free flow of storm runoff. 
Dumping in the Flood P la in . The City does not have any regu­
la t ions contro l l ing dumping in the flood p la in . The only bas i s they 
have for control i s that the dumping operation cannot r e s t r i c t the flow 
of storm runoff or change the d irec t ion of the natural drainage. 
Sediment and Erosion Control. The Ci ty ' s only regulat ion for 
sediment and erosion control i s contained in the Ordinance to Regulate 
the Grading of Land Within the City of Atlanta, as previously d iscussed. 
On several developments the Public Works Department has required the 
developer to use hay bales in an attempt to control a s p e c i f i c erosion 
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problem but according to the Public Works Department, these f a c i l i t i e s 
The City of At lanta 's drainage program has evolved through the 
did not function adequately. In addition there are no requirements to 
insure the removal of the hay bales and deposited sediment af ter the 
development i s completed. 
Drainage Complaints. Due to a recent move in o f f i c e s , the Chief 
of Consumer Services for the City informed me that many of the records 
of drainage complaints were misplaced and unavailable at t h i s time. As 
a consequence he was only able to reconstruct the record of drainage 
complaints for a short period of time during 1972, b u t f e l t that th i s 
was representative of the magnitude of complaints the City received 
during the l a t e summer and f a l l of each year. During the spring of the 
year when there i s more r a i n f a l l , there i s usually an increase in the 
number of complaints. 
Record of Drainage Complaints - 1972 
(July 1, through December 31 , only) 
1. Total number . . . . . . . . . . . . . . . 205 
2. Number inves t iga ted . . . . . . . . . . . 205 
3. Number required maintenance by City . . . 101 
4. Number required i n s t a l l a t i o n by City 
with pipe furnished by owner of property . 38 
5. Number private problems (those drainage 
problems located on private property 
and not subject to c i t y maintenance as 
determined by the Public Works Depart­
ment) . . . . . . . . . . . . . . . . . . 66 
Thus, the City received about 35 drainage complaints per month 
during th i s period, 
Concluding Remarks 
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years to respond to the problems and needs of the community. At the 
present time the Gity maintains more of i t s t o t a l drainage system than 
any of the metropolitan count ies . 
Recently there have been several major additions to the Ci ty ' s 
drainage program in the areas of o n - s i t e re tent ion , grading of land, and 
sediment and erosion contro l . The City Public Works Department i s taking 
a cautious approach to the inc lus ion of o n - s i t e retent ion into the ir 
drainage program. The Public Works Personnel f e e l that at the present 
time i t i s best to examine the e f f ec t ivenes s and f e a s i b i l i t y of o n - s i t e 
storage for each individual development rather than requiring storage 
for a l l developments. If i t i s determined that these f a c i l i t i e s do 
function as designed and l e s sen drainage problems, then the City w i l l 
consider an ordinance to require o n - s i t e retent ion for a l l or most 
development. 
In the areas of grading of land, sediment, and erosion contro l , 
the Public Works Department i s jus t beginning to formulate i t s program 
for the implementation of these measures. 
DeKalb County 
DeKalb County's geography i s such that almost a l l of the lands 
const i tut ing the drainage basins of the streams within the County l i e 
within the County's boundaries. The Drainage Department has divided the 
County into some 39 d i s t i n c t drainage basins which l i e wholly in the 
County or have their upper reaches within the County. Only the north 
fork of Peachtree Creek and the South River have any s i g n i f i c a n t contr i ­
buting areas outs ide the County. Six of the County's watersheds drain 
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to the Chattachoochee River, which flows into the Gulf of Mexico. The 
res t drain v ia the South River and Yellow River to the Ocmulgee River 
and ult imately to the At lant ic Ocean. DeKalb County, l i k e a l l of the 
Atlanta Metropolitan Counties, does not have j u r i s d i c t i o n over drainage 
in incorporated areas within the County. 
Extent of Drainage Problem 
With the passage of the DeKalb County Zoning Ordinance of 1970, 
the Intermediate Regional (100-year) Flood Plain was designated as a 
drainage easement. Prior to th i s ordinance approximately 600 residences 
were constructed within these areas , and a l l of these residences w i l l 
experience flooding to some degree i f the 100-year storm occurs. There 
are a l so some small commercial, industr ia l and multi-family developments 
that are affected by the 100-year storm. In addit ion to t h i s threat 
i • 
from a major storm there are approximately 200 residences that have been 
constructed at such proximity to the streams that they are generally 
flooded to an appreciable degree every year. The DeKalb County Drainage 
Department reports that th i s flooding i s the principal problem resu l t ing 
from major stream overflow. To keep t h i s problem in i t s true perspect ive , 
i t should be noted that there are some eighty thousand s i n g l e family 
residences in DeKalb County which have experienced no flooding problem, 
so the homes affected by major stream flooding cons t i tu te approximately 
one fourth of one percent of the t o t a l . 
During the year of 1972, DeKalb's Drainage Department received 
2,375 reports of drainage problems. Of th i s number, 2,080 had been 
invest igated and evaluated at the end of the year. These inves t iga t ions 
revealed that about 60 percent of these required only routine maintenance. 
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This routine maintenance consisted of cleaning out debris and sediment 
from catchment bas ins , s t r e e t gut ters , cu l ver t s , and stream channels. 
Another 30 percent of the drainage problems were " c l a s s i f i e d " as private 
problems s ince the d e f i c i e n c i e s were on private property or within the 
dedicated public drainage easements, but not s p e c i f i c a l l y accepted for 
County maintenance. DeKalb County requires that the fol lowing statement 
b e placed on each subdivis ion plat as a condition for i t s approval: 
DeKalb County i s not l i a b l e or responsible for the extension 
of the cross drains shown on property or for erosion or 
flooding of storm drains. The County w i l l not be held r e ­
sponsible in anyway for flooding of th i s property from high 
w a t e r in t h e natural creeks and r ivers and further the s e l ­
l e r s h a l l see that the above notat ion s h a l l be recorded in 
deeds of conveyance to purchaser of each and every l o t in 
t h i s subdiv is ion . 
In e f f e c t , t h i s statement res tra ins the County from entering or maintain­
ing drainage areas , s ince such act ion might e s t a b l i s h a precedent for 
continuing County r e s p o n s i b i l i t y . The prac t i ca l appl icat ion of t h i s 
statement of r e s p o n s i b i l i t y appears to c o n f l i c t with the r e s p o n s i b i l i t y 
(and l e g a l authority) of the County to ensure the free flow of the drain­
age system. 
The remaining 10 percent of the drainage problems were accepted 
by the Drainage Department as the unquestioned r e s p o n s i b i l i t y of the 
County to correct . These problems were e i ther confined to the areas 
s p e c i f i c a l l y accepted for maintenance by the County or were caused by 
some s tructural inadequacy of the ex i s t ing County drainage system. 
I t has been reported by DeKalb's Drainage Department ( in a report 
e n t i t l e d , "Drainage Improvements Program", by the Planning and Roads and 
Drainage Departments, Apri l , 1973) that these cases of l o c a l i z e d 
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flooding have generally resulted from two major causes. 
1. Inadequate design and i n s t a l l a t i o n of the drainage 
system by the or ig ina l developer allowing high 
v e l o c i t y discharges to rush through unlined di tches 
of exposed highly erodible s o i l s . The r e s u l t s 
range from unsightly trenches to canyons with 
potholes of standing storm water providing an unde­
s i rab le environment and breeding ground for mos-
quitos and snakes. In addit ion, the transported 
sediment continues to be deposited in downstream 
drainage s tructures and stream channels, which are 
already taxed to capacity . 
2. Rapid and extensive creat ion of impervious areas 
throughout the County, have resulted in increased 
runoff from these drainage areas . 
3 . Although not included in t h i s report, inadequate 
design by those constructing the original down­
stream features of the drainage area (bridges, 
cu lver t s , e t c . ) have a l so caused loca l i zed 
f looding. 
Man-Made Complications. One part of the drainage problem i s the 
physical constraints to the free flow of storm water, these complaints 
may be c l a s s i f i e d into two categor ies : 
1. those caused by design, 
2. those caused by negl igence . 
In the f i r s t category, the principal impediments to the flow of water 
are found in culverts and bridges designed with i n s u f f i c i e n t or poorly 
aligned openings, and in sanitary sewer or water l i n e s across stream 
channels within the l e v e l s normally occupied by the flowing streams. 
In addit ion, drainage pipes allow surface waters to be drained through 
property and beneath public s t r e e t s and then deposited into natural 
drainage ways. Problems can ar i se when the discharge from these pipes 
erodes the s o i l and stream bed adjacent to the pipe o u t l e t . I n l e t s to 
drains can a l so be eroded causing drainage problems. DeKalb County 
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reports that they have encountered a l l of these problems within the ir 
drainage system. The County regulations do not s p e c i f i c a l l y regulate 
construction of u t i l i t i e s , sewers, and other cross ings that often ob­
s truc t flows. 
The second category includes the accumulation of debris within 
the stream channels. This debris generally includes tree branches and 
f o l i a g e , automobile t i r e s , household appliances and other discarded l i t ­
t er . DeKalb 1s Drainage Engineer has reported that these obstructions 
usually cause only minor suppressions of the stream flow. However, t h i s 
debris has accumulated at points where f ixed structures cross the stream 
channel creating a dam which impounds the stream flow and creates 
" a r t i f i c i a l " flooding upstream at l e v e l s and frequencies not d i rec t ly 
related to hydrologic fac tors . 
Erosion and Sedimentation. From the standpoint of cost of cor­
rect ion th i s i s probably one of the most s i g n i f i c a n t drainage problems 
facing the County. Sediment cons i s t s of s o i l p a r t i c l e s , organic ma­
t e r i a l , and insoluable nutrients conveyed and deposited by surface 
waters. Unregulated urban development can resu l t in increased s o i l 
erosion which i s one major source of sediment. This sediment occupies 
space within the channel intended for flowing water so the water i s 
forced to seek a higher l e v e l , which i s frequently across the yards and 
in the bui ldings adjacent to the streams. 
Amounts of sediment vary from stream to stream and are d i f f i c u l t 
to measure. However, the DeKalb County Drainage Department reported 
that s ince 1963, both the north and south forks of Peachtree Creek have 
co l l ec ted at l e a s t one foot of sediment. Such deposits reduce a stream's 
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capacity to flow and reta in flood waters and thus contribute to f lood­
ing. 
DeKalb County Drainage Program 
In 1970 the Federal Insurance Administrator announced the for­
mation of a new two year emergency flood insurance program, authorized 
under the emergency flood provisions of the 1969 Housing and Urban 
Development Act. Under th i s emergency program, res idents of communities 
which meet Federal requirements for land-use and land management 
pract ices that w i l l reduce future damages from floods can obtain flood 
insurance without waiting for time consuming actuar ia l s tudies to e s ­
tab l i sh insurance premium ra te s . To qualify for t h i s insurance a com­
munity i s obligated to a s s i s t the Federal Government in ident i fy ing 
s p e c i f i c flood hazard areas and to give assurance that they w i l l enact 
appropriate zoning regulat ions , building codes, and other measures to 
e l iminate or minimize damage from future f loods . 
DeKalb County's government quickly qual i f i ed for t h i s program. 
The Planning Department propared a comprehensive report as required 
under the program. The Board of Commissioners adopted a reso lut ion 
es tab l i sh ing the need for such a program in the County and by the end 
of March 1970, the o f f i c i a l appl icat ion had been submitted. 
On July 14, 1970, the Board of Commissioners passed an interim 
drainage ordinance to place in e f f ec t the proposals made under the Flood 
Insurance Program. This ordinance was l a t er incorporated into the 
comprehensive Zoning Ordinance of 1970. Subsequently, the wording was 
revised to c l a r i f y some sentences where the intent was unclear. On June 
11, 1974, minor changes were made in th i s drainage ordinance and i t was 
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then incorporated Into an environmental ordinance. As of May 31, 1974, 
there have been 461 flood insurance p o l i c i e s sold under the Flood In­
surance Program in the seven county Atlanta Metropolitan Area (City of 
Atlanta, Fulton, DeKalb, Cobb, Clayton, Gwinnett, Rockdale, and Douglas). 
DeKalb County has stated that the object ive of their drainage 
ordinance i s , "to prevent the continuation of i rrespons ib le development 
and to encourage development appropriate to land use, competently plan­
ned and executed so as to produce a genuine asset to i t s owners and to 
the community as a whole." 
The major provisions of the environmental ordinance dealing with 
drainage, and designed to contribute to th i s end are as fo l lows: 
1. C l a s s i f i c a t i o n of the Flood Plain Drainage Easement, 
2. Requirements for Plans and Hydraulic Analys i s , 
3 . County Development Standards (grading, erosion and 
sedimentation control , vegetat ion , and drainage) , 
4. Information Required Pertaining to Drainage and Sediment 
Control. 
Spec i f i ca l l y t h i s ordinance e s tab l i shes a flood pla in based on 
the 100-year storm, requires hydrologic and hydraulic s tudies and re ­
tention f a c i l i t i e s for a l l developments which increase storm runoff by 
more than one cubic foot per second during a ten-year frequency storm, 
e s tab l i shes conditions for consol idat ion of storage f a c i l i t i e s , e s ­
tab l i shes development standards for flood p la in areas ( including f i l l i n g 
flood pla in areas) , requires erosion control p lans , e s tab l i shes spec ia l 
standards for s i n g l e family r e s i d e n t i a l areas , s t a t e s bonding or other 
requirements, ind icates maintenance r e s p o n s i b i l i t y , and s t a t e s the 
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County's p o l i c i e s of enforcement and administration. 
Administration. The DeKalb County Planning Department has been 
designated as the o f f i c i a l regulatory body to coordinate and enforce a l l 
flood pla in management. 
The Director of the Roads and Bridges Department has been des ig ­
nated as the approval authority for a l l grading and drainage plans . 
This Department has seven engineers working with drainage re lated 
problems. 
Long Range Goals of the Program. The DeKalb County Drainage De­
partment has stated the long range goals of the drainage program to be 
the following: 
To e f f e c t , regulate and control the construction and mainte­
nance of adequate f a c i l i t i e s for the c o l l e c t i o n , temporary 
storage, conveyance, and d i spos i t i on of storm waters entering 
or f a l l i n g within the boundaries of DeKalb County's drainage 
j u r i s d i c t i o n ; and to preserve and improve environmental 
qual i ty in the process . 
Current Object ives . The DeKalb County Drainage Department has 
l i s t e d s i x current object ives of the drainage program as fo l lows: 
1. Develop a comprehensive plan to handle storm run-off sa fe ly 
and e f f i c i e n t l y , conforming to methods which are economically 
f e a s i b l e and environmentally acceptable . 
2. Regulate development so as to prevent an increase in run-off 
rate from the development s i t e , to prevent the reduction of 
flood p la in storage of storm waters, to prevent improper use 
of the natural flood p l a i n s , and to prevent downstream damage 
from s i t e generated water-borne s i l t and debr i s . 
3. Minimize adverse hydraulic e f f e c t s of stream crossings by 
sanitary sewer l i n e s , water mains, e t c . , through plans review 
and coordination with responsible agencies . 
4. Minimize the i n f i l t r a t i o n of storm waters into the sanitary 
sewer system and the overflow of sanitary sewers into the 
storm drainage ways, flood p l a i n s , and streams. 
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5. U t i l i z e appropriate public open space for both recreat ional 
use and the temporary storage of excess storm waters . 
6. Develop an adequate program for maintenance and improvement 
of ex i s t ing drainage f a c i l i t i e s . 
Current Level of Service. The DeKalb County Drainage Department 
has del ineated the ir current l e v e l of serv ice under the ir drainage 
program as fo l lows: 
1. Compile and maintain an inventory of e x i s t i n g drainage 
structures denoting l oca t ion , type, s i z e and condition 
throughout the County drainage j u r i s d i c t i o n . 
2. Review plans for approval of development permits, inspect 
work for compliance during construct ion, and make o n - s i t e 
inspect ion and review of "as bu i l t" drawings for f i n a l ac­
ceptance of work. 
3 . Inves t igate , evaluate , and prepare engineering so lu t ions 
to ex i s t ing drainage problems. 
4. Provide emergency response to flooding s i t u a t i o n s , render­
ing such ass i s tance as i s necessary and poss ib le to mini­
mize hazards to l i f e and property. 
5. Maintain function of e x i s t i n g drainage structures and 
f a c i l i t i e s s p e c i f i c a l l y accepted for County maintenance; 
repair , modify or replace e x i s t i n g obsolete structures 
to extent of capabi l i ty . 
6. Introduce and encourage innovative design and methodology 
to bet ter achieve program objec t ives with emphasis on 
sa fe ty , s impl i c i ty and environmental impact. ... 
The County i s ant ic ipat ing that the Hydrologic Computer Simulation 
Study now being conducted w i l l provide them with the technical too l neces­
sary to e f f e c t i v e l y carry out the above s e r v i c e s . 
Methods Used in Drafting DeKalb's Drainage Regulations. The 1970 
Drainage Ordinance was primarily drafted by the Drainage Engineer and 
then reviewed by other County Departments and representat ives from l o c a l 
in t ere s t groups. Recently the County has revised t h i s ordinance and 
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incorporated i t into an Environmental Ordinance. This Environmental 
Ordinance was drafted primarily by the County Planning Department with 
considerable input from other County Departments and l o c a l spec ia l 
i n t e r e s t groups. Also several public hearings were held to get c i t i z e n 
input into th i s ordinance. 
Hydrologic Studies and On-Site Storage. One of the major purposes 
of the DeKalb County drainage requirements i s to require the developer 
to supply storage for any increased runoff that h i s development produces 
(for a ten-year frequency storm). Thus hydrologic s tudies are required 
for a l l developments within the County except for the development of a 
s ing le residence. 
Problems and Results Obtained from Application of DeKalb's Ordi­
nance. The DeKalb County Drainage Engineer reports that DeKalb's Drain­
age Ordinance i s a valuable too l but i t i s too early to a s ses s i t s over­
a l l e f f e c t . He s t a t e s that the contractors and developers have accepted 
the r e s t r i c t i o n s as outl ined in the ordinance and actual ly very few 
problems have resu l ted . One reason for t h i s lack of problems could be 
that the Drainage Department has conducted several workshops in which 
the drainage ordinance was explained and a l so the contractors and develop 
ers had the opportunity to ask any questions they had on the appl icat ion 
of the ordinance. Another reason may be that DeKalb's flood pla ins are 
small and far apart. 
The one major problem that has plagued the Drainage Department, 
both in the appl icat ion of the drainage ordinance and in the ent ire 
drainage program, i s the problem of maintenance of the drainage system. 
I t has always been the pol icy of the County that they w i l l only maintain 
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that part of the drainage system located on County owned land and s t r e e t s . 
The remainder of the system i s to be maintained by the individual proper­
ty owners. The Drainage Department reports that in many cases th i s 
maintenance by individual property owners has not taken place and as a 
resu l t the free flow of the drainage system has been impaired. 
Another problem that has been encountered In DeKalb County i s that 
of inspect ion during the construction phase of the development. In many 
cases the consult ing engineer that i s hired to design the system does 
j u s t that , he designs the drainage system and then never sees the project 
again. Another engineer, usual ly employed by the developer, signs the 
a s - b u i l t drawings. Especial ly in the control of erosion and sedimen­
ta t ion , when the construction phase i s very important, some sort of 
continued inspect ion by the design consultant might be needed. If a 
system i s to be constructed according to a certa in design, some i n ­
spect ion i s usual ly required. 
Concluding Remarks 
While most counties and c i t i e s are s t i l l ta lking about the ir drain­
age problems and poss ib le s o l u t i o n s , DeKalb County has taken bold steps 
in the d irec t ion of solving i t s problems. With very l i t t l e time and few 
resources they drafted a drainage ordinance several years ago which a t ­
tempted to deal with the drainage problems within the County. Since 
then they have spent much time and e f for t rev i s ing t h i s ordinance. The 
philosophy that the County has adopted in dealing with i t s drainage 
problems i s that means should be provided at each development to control 
the increased runoff generated by that development. Thus the County has 
attempted to so lve the problem at i t s source and not pass i t downstream. 
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This might be thought of as a "decentralized" approach to so lv ing drain­
age problems as contrasted to a more "centralized" approach of using 
large areas as detention storage for several developments. At the pre­
sent time, each development i s considered independently from the other 
developments within the County, although the hydrologic computer simu­
la t ion study w i l l provide the County the means to inves t iga te the i n t e r ­
re lat ionships between developments. 
Fulton County 
Fulton County i s divided into two separate areass, North Fulton C o u n t y a n d S o u t h F u l t o n C o u n t y , w i t h t h e C i t y o f A t l a n t a l o c a t e d i n -
between. The Planning Department has divided the County into some 36 
d i s t i n c t drainage basins with 21 located in North Fulton County and 15 
located in South Fulton County. Many of these drainage basins have 
the ir upper reaches located within the adjacent counties of DeKalb, 
Gwinnett, Forsyth, Cobb and Clayton, while others are contained within 
Fulton County or the City of Atlanta. Almost a l l of the drainage basins 
in Fulton County drain to the Chattahoochee River which flows into the 
Gulf of Mexico. 
Extent of Drainage Problem 
Drainage problems within the unincorporated portions of Fulton 
County are handled by the Fulton County Public Works Department. Fulton 
County does not have a separate Drainage Department or Drainage Engineer 
as was the case in DeKalb County. One reason for th i s might be that 
much of Fulton County i s s t i l l undeveloped and thus the County does not 
have the volume of drainage problems that DeKalb County has experienced. 
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I t was estimated by the personnel of Fulton County's Public Works 
Department that approximately 70-80 residences in Fulton County experience 
"periodic" flooding problems. This periodic flooding problem was de­
scribed as flooding the yards or basements of these residences once every 
year or two. The County has no records of any residence within the County 
being flooded above the basement or crawl space areas . 
Fulton County does not have any accurate records or maps which show 
how many residences are actual ly located within the Intermediate Regional 
Flood Plain and thus cannot estimate how many residences might be flooded 
by a 100-year storm. Also, the Public Works Department has not kept 
records on how many drainage complaints they have received each year. 
The Department's personnel did s t a t e that most of the flooding problems 
that are reported to them are confined to the flooding of yards and the 
seepage of th i s water into the basements of adjacent res idences . 
In ta lking with the personnel of Fulton County the impression 
gained was that Fulton County experiences the same problems with drain­
age and sediment control that are evidenced in DeKalb County but the 
extent and sever i ty are l e s s . Much of Fulton County i s c l a s s i f i e d by the 
Zoning Ordinance as rural land and to date has not been developed, but i t 
i s antic ipated by the Fulton County Planning Department that development 
w i l l occur within the near future. Thus, drainage might become a more 
important consideration within the County. 
Fulton County Drainage Program 
Fulton County's Drainage Program started with the 1967 Fulton 
County Subdivision Regulations which included Section 8 . 1 , 7 . - Storm 
Drainage. This Section deals with storm drainage f a c i l i t i e s within 
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subdiv is ions , extension of s t ree t drains on to subdivided land, d e s i g ­
nation of land unfit for development due to drainage problems, drainage 
problems as related to public health nuisances, requirements for water 
impoundment s tructures , and l imi ta t ions of development within the 25-
year flood p la in . 
In September, 1971, an o f f i c i a l Flood Hazard Boundary Map was 
establ ished and adopted by the County, cons i s t ing of a s e r i e s of s i x 
maps prepared by the Planning Department of Fulton County. These maps 
depict the s o i l composition ident i f i ed in the U.S. So i l Conservation 
S e r v i c e Report, So i l Survey of Fulton County, Series 1949, Number 7; and 
data extracted from the U.S. Army Corps of Engineers Reports including 
the Flood Insurance Study, Fulton County Georgia (Unincorporated areas ) , 
June, 1971, which in conjunction establ i shed the flood hazard areas. 
These o f f i c i a l Flood Hazard Boundary Maps ident i fy the land which i s 
within the Intermediate Regional (100-year) Flood Pla in . The Corps of 
Engineers hydraulic s tudies covered approximately one-third of the major 
streams within the County while s o i l s data were used to designate the 
flood plain associated with the other major streams. 
To determine the exact nature and extent of the flood hazards for 
any individual property or small streams not covered by the Flood Hazard 
Boundary Maps, hydrological s t u d i e s , engineering computations, flood 
records, and f i e l d surveys compiled and c e r t i f i e d by a regis tered pro­
fes s iona l engineer may be required by the County before these areas can 
be developed. 
On April 5, 1972, an amendment to the Fulton County Zoning Reso­
lut ion Regarding Flood Protection was adopted by the County. This 
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amendment deals with uses within the 100-year flood pla in (as determined 
by the County), permits for improvements within the 100-year flood pla in 
areas , plans required, development standards, required hydraulic and 
hydrologic s tud ie s , erosion and sedimentation control , r e - l oca t ion or re ­
alignment of r iver and stream channels, and drainage easements. 
A recent addit ion to th i s amendment e n t i t l e d Control of Run-off 
and Sedimentation out l ines in d e t a i l s p e c i f i c regulat ions designed to 
deal with the problems of erosion and sediment control . This addition 
a l so out l ines the general procedures by which runoff from developed s i t e s 
must be control led . This addition was only in draft form at the time of 
th i s study and had not been formally adopted by the County. In addit ion 
there i s an amendment to the Fulton County Zoning Resolution Concerning 
Tree Preservation which was adopted on July 15, 1968, and amended on 
December 3, 1970. 
The Fulton County personnel interviewed during t h i s study stated 
that the major object ive of the Fulton County Drainage Ordinance i s to 
protect the e x i s t i n g and future s tructures , within Fulton County, from 
experiencing any flooding problems. Stated another way, the major ob­
j e c t i v e i s to keep building out of the flood p la in . In addi t ion , the 
personnel from the Planning Department, who did most of the work in draf t ­
ing the drainage ordinance, s tated that the following object ives were 
a l so considered when the ordinance was wri t ten: 
1. comply with the Federal Emergency Flood Insurance 
Program; 
2, use the drainage easements created by the ordinance to create 
ribbon parks, open space, and buffer zones; 
174 
3 . attempt to l imit the use of channelization and encourage 
the use of natural drainage ways; 
4 . regulate the flow of water through the drainage system. 
County Personnel Dealing with Drainage. The administration and 
implementation of the drainage program i s shared by the Fulton County 
Planning Department and the Public Works Department. The Planning Depart 
ment i s primarily concerned with reviewing developments to be sure they 
are done in accordance with the l a t e s t zoning and subdivis ion regulat ions 
The Public Works Department i s primarily concerned with reviewing the g r a d i n g a n d d r a i n a g e p l a n s to be s u r e they are i n accordance with County 
standards. 
The Public Works Department has s i x graduate engineers who spend 
at l e a s t part of the ir time working on drainage problems. The Planning 
Department has two planners who have been extens ive ly involved in Fulton 
County's Drainage Program. 
Fulton County has recent ly organized a technical review committee 
which i s a multi-department committee (cons i s t ing of representat ives from 
the Planning, Public Works, and Inspection Departments) which reviews 
proposed developments and t r i e s to coordinate the e f f o r t s of a l l the 
departments to be sure the developments comply with a l l standards and 
regulations of the County. 
Long-Range Goals of the Program. Fulton County has not e s t a b l i s h ­
ed any long-range goals for their drainage program. At present , the 
County i s working on broad goals for a l l the programs of the County, and 
i t i s ant ic ipated by the personnel of the Planning Department that some 
goals for the drainage program w i l l r e s u l t from t h i s work. 
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Current Object ives . As In the case of long range goa l s , the 
County has not s p e c i f i c a l l y s tated i t s current object ives for the drain­
age program. In discuss ing t h i s with the personnel from the Planning 
and Public Works Department, they expressed the f ee l ing that the f i r s t 
s ec t ion of the 1972 Drainage Requirements (which i s Section 9 of the 
1972 Flood Protect ion Resolution) e n t i t l e d Intent , could be viewed as a 
combination of goals and current o b j e c t i v e s . Following i s Fulton County's 
statement of the in tent of the ir Resolution. 
I t i s the intent of th i s reso lut ion t o de l ineate on an o f f i c i a l 
map Flood Prone and Special Flood Hazard Areas in unincorporated 
Fulton County; to regulate the use and development of property 
located in such areas; to provide protect ion from flooding and 
inundation to persons and property; to prevent interference with 
the flow of any watercourse or i n t o an impounding basin; and to 
prevent any appreciable expansion of f looding, s i l t a t i o n , erosion 
or inundation hazards. The de l ineat ion and regulat ion of areas 
affected by t h i s sec t ion are intended to preserve and protect 
areas necessary for flood flows; permit appropriate land uses; 
protect persons, improvements and property from flood hazards 
associated with the development of areas subject to the movement 
and inundation of flood waters; and to preserve the flood pla ins 
from encroachment of any nature which would increase the need 
for flood protect ion , ra i se the flood l e v e l , reduce flood storage 
or impede the movement of flood waters; and to reduce the f i ­
nancial burdens imposed on the community by f loods and their over­
flow. I t i s intended a l so to require the l oca t ion , e l eva t ion , and 
construction of a l l public u t i l i t i e s and f a c i l i t i e s , such as sewer, 
gas, e l e c t r i c a l , and water systems and s t r e e t s , in such a manner 
as to minimize or e l iminate damage by f looding; to provide for 
adequate drainage to prevent the aggravation of flood hazards to 
adjacent communities; to provide that hereafter no p lat ted l o t 
s h a l l be approved that does not contain a su i tab le building s i t e 
having a f i r s t f loor e levat ion above the l e v e l of the i n t e r ­
mediate regional f lood; to prohibit new construction accordingly; 
and to designate as non-conforming uses e x i s t i n g structures and 
development which do not meet the requirements of t h i s s e c t i o n . 
Current Level of Service . As part of the ir drainage program, 
Fulton County provides the fol lowing s e r v i c e s : 
1. Review plans for approval of development permits (taking into 
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account zoning and subdivision regu la t ions ) , inspect work for 
compliance during construct ion, and make o n - s i t e inspect ion 
and review of "as bu i l t" drawings for f ina l acceptance of work. 
2. Provide emergency response to flooding s i t u a t i o n s , rendering 
such ass i s tance as i s necessary and poss ib le to minimize 
hazards to l i f e and property. 
3 . Maintain function of e x i s t i n g drainage structures and f a c i l i ­
t i e s s p e c i f i c a l l y accepted for County maintenance; repair , 
modify or replace e x i s t i n g obsolete structures to extent of 
capab i l i ty . 
Methods and Studies Used in Drafting the Ordinance. The Fulton 
County Drainage Ordinance dated April 5, 1972, was drafted by the Plan­
ning Department and reviewed by the Public Works Department, County At­
torney, and the Inspection Department. The Planning Department obtain­
ed most of their technical and engineering ass i s tance from the U.S. Army 
Corps of Engineers and the Soi l Conservation Service . There was very 
l i t t l e in teract ion between the Planning Department and the Public Works 
Department during the drafting of th i s ordinance. At the time th i s ordi ­
nance was wr i t ten , neither the Planning nor the Public Works Department 
has personnel with a background in drainage engineering or hydrology. 
The Public Works Department has recent ly hired an engineer with extensive 
experience in drainage work. 
From a planning perspect ive there was a considerable amount of 
research done in preparation for the drafting of Fulton County's Drain­
age Ordinance. The Fulton County Planning Department contacted the 
Planning Departments of DeKalb County, Georgia; Atlanta, Georgia; 
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Baltimore County, Maryland; Fairfax County, Virginia; and San Jose , 
California to obtain information on their drainage programs and ordi ­
nances. In addit ion, the Planning Department used the f a c i l i t i e s of the 
Georgia Tech Library to review the drainage ordinances of various other 
c i t i e s and counties throughout the United States and a l so reviewed cur- v 
rent per iodica ls and law journals pertaining to urban drainage ordinances. 
The Planning Department a l so contacted and received information from the 
U.S. Department of Housing and Urban Development. 
During t h i s study, the Fulton County Planning Department did not 
contact the Public Works Department of these various c i t i e s and counties 
or s o l i c i t the advice or ass i s tance of any engineers with a background in 
drainage and/or hydrology. 
Many of Fulton County's personnel f e e l that there i s a lack of com­
munications between the planners and the engineers within the Fulton 
County government. I t i s apparent that the planners did most of the work 
in drafting the drainage ordinance while the Public Works Department was 
l e f t with the ro le of reviewing the planners' work in i t s f i n a l s tages of 
development. 
Hydrologic Studies . The Fulton County Public Works Department has 
prepared a Manual on Drainage Design which i s the bas i s for a l l the 
County's design work. The modified Burkli-Ziegler Equation for computing 
runoff i s used as the bas i s for th i s manual and th i s equation I s used for 
a l l hydrologic s tudies undertaken by the County. Neither t h i s method nor 
the manual are required to be used by private developers in the ir design 
of drainage f a c i l i t i e s but i t has been the experience of the Public Works 
Department that most of the hydrologic s tudies that have been done in the 
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County have been based on the Modified Burkli-Ziegler Equation and the 
charts and nomographs contained in the County manual. 
Problems and Results Obtained from Application of Ordinance. 
Since Fulton County's Drainage Ordinance has only been in e f f ec t a short 
time, i t i s d i f f i c u l t to determine what e f f e c t s i t has had. The person­
nel within the Public Works Department s t a t e that they have had no major 
problems associated with the appl icat ion or enforcement of the ordinance. 
They a lso f e e l that Fulton County, at the present time, does not have any 
major drainage problems and with enforcement of the e x i s t i n g drainage 
ordinance they w i l l not have any in the near future. 
Concluding Remarks 
The major thrust of Fulton County's drainage program has been to 
keeping development out of the flood p la in and, thereby, not lose any 
flood plain storage. In the past , the County has designed i t s drainage 
system to convey the storm runoff off the land quickly and then trans­
port i t through i t s drainage system and out of the County. I t i s jus t 
recently that the County has considered adopting an o n - s i t e storage 
requirement modeled af ter DeKalb's ordinance. 
Almost a l l . o f " t h e research and s tudies that were done in draft ing 
Fulton's ordinance were done by planners in consultat ion with other plan­
ners with l i t t l e input from engineers or public works personnel. This 
has resulted in the inc lus ion of some very general statements in the 
ordinance which have not been d i l i g e n t l y enforced by the Public Works 
Department, I t was reported by many of the Fulton County personnel that 
they f e l t the enforcement of the e x i s t i n g ordinance was very weak. 
The ordinance has a major weakness in the area of sediment and 
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erosion control . Plans for sediment and erosion control are not manda­
tory in order for the developer to receive a development permit and thus 
few such plans are submitted. The Public Works Department reported that 
when plans for sediment and erosion control are submitted they are very 
general and most of the r e s p o n s i b i l i t y for the deta i l ed plans and imple­
mentation of these plans i s l e f t to the developer. The Public Works 
Department a lso reported that they f e l t that erosion i s one of the worst 
drainage problems in the County and that most of t h i s was caused by the 
fact that developers do not s t a b i l i z e the channels within t h e i r develop­
ments . The Public Works Department i s l e f t in a pos i t i on Of having to 
force the developer to rip-rap or in some way s t a b i l i z e their channels 
af ter an erosion problem i s encountered. 
Fulton County does attempt to have some input into the s tructural 
adequacy of the dams and structures that are b u i l t within the flood p l a i n . 
In the Fulton County 1967 Subdivision Regulations i t s t a t e s , "Any dam to 
be constructed within the County s h a l l require the approval of the Public 
Works Department and the Health Department, and s h a l l be constructed in 
accordance with standards and s p e c i f i c a t i o n s as determined by them." 
The standards and s p e c i f i c a t i o n s are those recommended by the So i l Con­
servation Service in building small dams. 
Fulton County i s experiencing the same problems with maintenance 
that are being encountered in DeKalb County. Because Fulton County i s 
much l e s s developed (percent of t o t a l area) than DeKalb County the public 
pressures are not great enough at t h i s time to force them Into accepting 
a greater role in maintenance. The County does not have a preventive 
maintenance program and most of the maintenance of the drainage system 
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i s l e f t to private landowners. The Public Works Department personnel 
s tated that in the future they expect more maintenance problems a s s o c i ­
ated with the drainage system. 
One of the major things that i s quite disturbing when studying 
Fulton County's Drainage Program i s the ir lack of s e t t i n g any goals or 
object ives for the ir program. The County has writ ten and i s rev is ing 
the ir zoning and subdivis ion regulat ions concerning drainage, by u t i ­
l i z i n g the e f for t s of other counties and c i t i e s , without r e l a t i n g t h i s 
information to what goals and object ives should be sought for Fulton 
County. 
Clayton County 
The Clayton County Planning Department has divided Clayton County 
into s i x major drainage bas ins . Two of these basins or ig inate in Fulton 
and DeKalb Counties and drain into Clayton County. The re s t of the 
basins have the ir headwaters within Clayton County. Of the s i x drainage 
bas ins , three drain to the east i n t o Henry County while the res t drain 
to the south into Henry and Spalding Counties. Thus, Clayton County i s 
both affected by and a f f e c t s the drainage of several of the Atlanta 
Metropolitan Counties. 
Clayton County Drainage Program 
With the increasing flooding and drainage problems resu l t ing from 
e x i s t i n g and ant ic ipated developments in aid around Clayton County, the 
County Public Works and Planning Departments are becoming more involved 
with measures to abate these problems. Among other th ings , the County 
i s considering the use of o n - s i t e storage to control flood waters; has 
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several sec t ions within i t s 1971 Subdivision Regulations dealing with 
drainage; drafted a proposed sediment control regulat ion; recently r e ­
quired drainage plans and studies for some new developments; and i n ­
creased the technical a b i l i t y of i t s Public Works Department to deal 
with the problems of drainage and sediment control . 
County Personnel Dealing with Drainage. Clayton County's Public 
Works Department, with seven graduate engineers, has one of the largest 
engineering s taf f of any Atlanta Metropolitan County (several of these 
counties only have one or two graduate engineers) . In addit ion, Clayton 
County has a Planning Department which has played an ac t ive ro le in the 
County's drainage program. 
Formulation of Goals and Object ives . Like most of the counties 
and c i t i e s included in th i s study, Clayton County s tarted i t s drainage 
program by enacting and proposing ordinances and regulat ions without 
f i r s t formulating any s p e c i f i c goals and/or object ives for the program. 
In interviewing two of the County Commissioners, they f e l t that i t was 
l o g i c a l that the formulation of goals and object ives should be one of 
the f i r s t s teps in developing a drainage program. The County Planning 
Department, has expressed an i n t e r e s t in working on county drainage goals 
and object ives and i t i s ant ic ipated that t h i s work w i l l begin in the 
near future. 
When the personnel within the Public Works Department were asked 
about goals and object ives they stated that the ir major goals were to 
prevent drainage problems that a f fec t homeowners and save County mainte­
nance money. 
Current Level of Service, As part of the ir drainage program, 
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Clayton County provides the following s erv i ce s : 
.1. Review plans for approval of development permits (taking into 
account zoning and subdivis ion regu la t ions ) , inspect work for 
compliance during construct ion, and make o n - s i t e inspect ion 
and review of "as bu i l t" drawings for f i n a l acceptance of work. 
2. Provide emergency response to flooding s i t u a t i o n s , rendering 
such ass i s tance as i s necessary and poss ib le to minimize 
hazards to l i f e and property. 
3 . Maintain function of ex i s t ing drainage structures and f a c i l i ­
t i e s s p e c i f i c a l l y accepted for County maintenance; repair , 
modify or replace e x i s t i n g obsolete structures to extent of 
capabi l i ty . 
A. Provide technical ass i s tance to the res idents of the County 
to help a l l e v i a t e drainage problems. 
Methods Used in Drafting Clayton County 1s Regulations. The e x i s t ­
ing subdivis ion regulat ions , zoning reso lu t ion , and sediment control 
reso lut ion in Clayton County, were drafted by the Planning Department. 
In drafting these regulat ions , the Planning Department used s imi lar regu­
l a t i o n s in DeKalb County and several other counties as guides. The 
Clayton County Public Works Department did review and comment on the 
draft of these regulat ions , but were not involved in the draft ing or 
formulation of them. In addi t ion , during the drafting of these regu­
la t ions input from engineers , e i ther within or outside the County, was 
not s o l i c i t e d by those drafting the ordinances. A representat ive from 
the So i l Conservation Service did work c l o s e l y with the Planning De­
partment during the drafting of the sediment control regulat ion . Other 
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than t h i s , these regulat ions were predominantly the product of the Plan­
ning Department. 
Provisions of Clayton County's Regulations. The regulat ions now 
ex i s t ing in Clayton County to control drainage are the Clayton County 
Land Subdivision Regulations and Zoning Resolution. The subdivis ion 
regulat ions l imi t development In areas where drainage problems e x i s t , 
give s p e c i f i c standards for storm drainage design, l i m i t s development on 
land subject to flooding (as determined by the County Engineer), and 
give maintenance regulat ions . 
The Clayton County Zoning Resolution has a sec t ion e n t i t l e d Flood 
Plain Res tr i c t ions . This sec t ion gives information r e l a t i v e to determin­
ing flood pla in areas, r e s t r i c t i o n s on building in these areas , l i m i ­
tat ions on cutt ing and f i l l i n g operations in these areas , and flood plain 
uses allowed. 
In addit ion to these Regulations, the County has adopted a Sedi­
ment Control Resolution. This reso lut ion requires sediment control 
measures for a l l developments, l i s t information to be submitted (plans, 
reports , e t c . ) , design pr inc ip les to be followed for e f f e c t i v e sediment 
control , development standards, permits required, and maintenance pro­
v i s i o n s . For development standards, Clayton County uses the SCS publ i ­
cat ion , "Manual of Standards and Spec i f i cat ions for the Control of So i l 
Erosion and Sediments in Clayton County, Georgia." 
Hydraulic and Hydrologic Studies . The Public Works Department 
only requires hydraulic and hydrologic s tudies when they f e e l there i s 
a s p e c i f i c need for them. Thus, i t i s l e f t up to the d i s c r e t i o n of the 
County Engineer as to whether such s tudies are required for a given 
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development. The s tudies that have been completed used as a bas i s 
Talbot's Formula or the Rational Method. Most of these s tudies have 
been concerned with ca lculat ing the s i z e of storm culverts arid channels 
and not with ca lculat ing flood plain l i m i t s or retent ion s torage . 
Drainage Plans. On April 10, 1973, a memorandum was sent from 
Jack Wells (Chairman of the County Commissioners) to the Public Works 
Director and Chief Building Inspector s ta t ing the fol lowing: 
Effect ive immediately, the Public Works Department 
w i l l review drainage plans for a l l mult i - family , com­
mercial and indus tr ia l development before building 
permits are i s s u e d . This review w i l l be s imi lar to the 
subdivis ion plat review now in operation. Periodic i n ­
spect ions w i l l a l so be made by the Public Works De­
partment to see that approved drainage plans are com­
pl ied with, and the f ina l inspect ion by the Building 
Inspection Department w i l l not be completed u n t i l the 
f ina l drainage inspect ion i s made by the Public Works 
Department. Signed l e t t e r s or plans w i l l be sent to 
the Chief Building Inspector by the Public Works De­
partment indicat ing reviews and inspect ions have been 
made and approved. 
Detention Storage Basins. The Clayton County personnel i n t e r ­
viewed expressed the opinion that something would have to be done to con­
tro l the increased runoff from developing areas within the County. At 
t h i s time though, the County i s taking a "wait and see" a t t i tude con­
cerning the use of detention storage as a means for contro l l ing t h i s run­
off. The f ee l ing was expressed that s ince detention storage was being 
extens ive ly used in several other Atlanta Metropolitan"Counties, Clayton 
County would wait and see how e f f e c t i v e these i n s t a l l a t i o n s proved to be 
before requiring the use of storage f a c i l i t i e s in future developments. 
Flood Plain Area. Clayton County uses the 100-year storm as the 
design storm for designating the flood plain areas. The U.S. Army Corps 
of Engineers have completed flood pla in reports that cover about half 
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of the flood plain area within the County. The County uses the So i l Con­
servat ion Service So i l Maps for the remaining areas. Although the County 
doesn't have any accurate records concerning development within the flood 
p la in , they estimate that there are 75-100 r e s i d e n t i a l u n i t s , 5-10 small 
commercial u n i t s , and no indus tr ia l i n s t a l l a t i o n s e x i s t i n g in flood p la in 
areas. 
Regulating U t i l i t i e s in the Flood Pla in . Clayton County does not 
have any regulat ions control l ing the i n s t a l l a t i o n of u t i l i t i e s within 
flood plain areas. The County has only experienced minor problems with 
e x i s t i n g i n s t a l l a t i o n s and does not foresee any major problems In th i s 
area. 
Drainage Complaints. The Public Works Department rece ives about 
10-15 drainage complaints per week. Most of these complaints concern 
flooding from small head water streams and not the major streams within 
the County. 
Drainage and Erosion Problems. Following are some of the major 
drainage and erosion problems that were discussed with the County person­
n e l . 
1. There i s a need for flood plain s tudies for the small r ivers 
and creeks within the County. 
2. I t i s d i f f i c u l t to get developers to control erosion and s e d i ­
mentation problems without an ordinance. 
3 . Drainage i s neglected too often during the development of 
pro jec t s . 
4. Drainage has to work as a system and the County should have 
more authority within the areas outs ide of the County 
186 
right-of-way. 
5. The Public Works Department f e e l s that the e x i s t i n g ordinances 
are inadequate and not s p e c i f i c enough ( t h i s comment was prior 
to the adoption of the sediment control r e s o l u t i o n ) . There 
i s a need for more s tr ingent technical s p e c i f i c a t i o n s . 
Concluding Remarks 
Clayton County i s jus t beginning to formulate their drainage 
program. The Public Works Department has , within the l a s t three years , 
hired several qual i f i ed personnel so they can put forth an e f f e c t i v e 
drainage program, from a technical and administrative perspect ive . 
At the present time, the County o f f i c i a l s are trying to hold back 
the pressures from the l o c a l c i t i z e n s to enact an immediate and quickly 
put together drainage program. The County o f f i c i a l s r e a l i z e that they 
w i l l be dealing with the r e s u l t s of whatever program they enact for many 
years . Because of t h i s , they have taken the pos i t ion of slowly evolving 
the ir program and benef i t ing from the experiences (both good and bad) of 
the ir neighboring metropolitan count ies . 
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with l o c a l consult ing engi ­
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Agency 
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with drainage designs in 
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William Col l idge , Jr . . . . . . . Commissioner 
Hoke Smith , Commissioner 
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B i l l Hunter . . . . . . . . . . . .P lanner 
B i l l Huff . . . .P lanner 
Commissioner 
Goodwyn Cates . . . . . . . . . . . Commissioner 
Clayton County 
Public Works Department 
Steve Richardson . . . . . . . . . Director 
Richard Ridling . . . . . . . . . . Deputy Director 
Vanchat Kanchanakomtorn . . . . . . County Engineer 
John Carr . . . . . . . . . . . . . Engineer 
Bhushan Sawhney . . . . . . . . . . Engineer 
Planning Department 
Thomas Hawkins . . . . . . . . . . Director 
Rex Curry . . . . . . . . . . . . . Planner 
Commissioner 
Jack Wells . . . . .Commissioner 
Administrative Ass is tant 
John King Administrative Ass is tant 
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APPENDIX B 
FAIRFAX COUNTY, VIRGINIA 
Fairfax County's geography i s such that almost a l l of the lands 
const i tut ing the drainage basins of the streams within the County l i e 
within the County's boundaries. The County Development Department has 
divided the County into 30 major watersheds (Figure B - l ) . Twenty-five 
of the major watersheds l i e wholly within the County while the other 
four drain into or from Loudoun County to the northwest of Fairfax Coun­
ty. Eventually a l l of the water from Fairfax County drains into the 
Potomac River and on to the At lant ic Ocean. The topography within Fair­
fax County i s characterized by gently r o l l i n g countryside. 
Extent of Drainage Problem 
Fairfax County does not have any accurate records or maps which 
show how much development i s now ex i s t ing within the 100-year flood 
p la in . Several of the County personnel Interviewed started that there 
was a s i g n i f i c a n t amount of e x i s t i n g development within the flood p la in . 
This was borne out when hurricane Agnes passed through the County in 
June of 1972 resu l t ing in an estimated 25 mi l l i on dol lars worth of 
damages, far more than in any other county in the s t a t e ( 1 ) . In many 
areas of the County the real tragedies occurred along the small t r ibu­
t a r i e s . Every creek and stream overflowed i t s banks damaging adjacent 
land and property. 
Fairfax County has a l so experienced major problems in the area of 
Figure B- l . Fairfax County, Virginia - Major Drainage Basins 
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erosion and s i l t a t i o n . Fairfax i s one of America's most rapidly growing 
count ies , population-wise. About 30 percent of i t s area i s already b u i l t 
up, and 35 percent i s in the process of development ( 2 ) . Records to show 
the extent or sever i ty of these problems were not ava i lab le but a com­
p le t e discuss ion of Fairfax's erosion and sedimentation control program 
i s included l a t e r in th i s study. 
Drainage problems within Fairfax County are administrat ively 
handled quite d i f f erent ly than in the other areas s tudied. Thus, a brief 
discuss ion of the administrative organization e x i s t i n g in Fairfax County 
i s necessary. Drainage problems are handled e i ther by the Department of 
County Development or the Department of Public Works. 
Department of County Development 
The Department of County Development was es tabl i shed in 1969 to 
place the regulation of land use under a s i n g l e organizat ion. This De­
partment controls land development in accordance with Board of Super­
v i s o r s ' p o l i c i e s and adopted ordinances, from zoning of land through the 
processing of p l a t s , plans for subdiv is ions , commercial, multi-family 
and industr ia l development, to the issuance of r e s i d e n t i a l and non-res i ­
dent ia l use permits. 
The County Development Department i s divided into f i v e major d i v i ­
s ions (administrative s e r v i c e s , mapping, inspect ion , zoning administra­
t i o n , and design review) of which the Divis ion of Design Review i s of 
most i n t e r e s t to t h i s study. County ordinances e s t a b l i s h standards for 
development of property, including such matters as grading, l o t layout , 
s t r e e t patterns , locat ion of s tructures , s t r e e t construction design, 
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storm and sanitary sewer design, and similar features . 
The Divis ion of Design Review enforces these ordinances by review­
ing and approving plans for new subdiv i s ions , commercial, and indus tr ia l 
development within the County. This d iv i s ion a l so administers the a s ­
signment of s t r e e t names and addresses, reviews bui lding permits to ensure 
that the proposed grading w i l l preclude drainage problems and to ensure 
that no houses are constructed within a flood p l a i n , and i s sues u t i l i t y 
permits for work in dedicated rights-of-way. This d iv i s i on a l so reviews 
plans for erosion and s i l t a t i o n control . 
When fu l l y s taf fed the Department of County Development employs 
311 personnel. Within the Divis ion of Design Review are employed 20 
Engineers (10 of these are reg is tered profess ional engineers and 6 have 
done some graduate work in engineering) . 
Thus, the Department of County Development and more s p e c i f i c a l l y 
the Divis ion of Design Review deals with most of the subjects that are 
of concern in t h i s study. 
Department of Public Works 
The County Department of Public Works i s responsible for sanitary 
sewerage f a c i l i t i e s , a l l County f a c i l i t y design and construction (ex­
cept schools f a c i l i t i e s ) , land acquis i t ion for the County Government, 
storm drainage maintenance, c o l l e c t i o n and disposal of s o l i d waste, leaf 
c o l l e c t i o n , planning and development of s t r e e t l i g h t i n g , and school s i d e ­
walk pro jec t s . 
The Department of Public Works, whose primary functions are in 
the area of maintenance, rece ives and processes approximately 100 com­
p l a i n t s per month. Although th i s i s a s i g n i f i c a n t number i t represents 
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only about half as many complaints as were reported by DeKalb County, 
Georgia. 
Fairfax County Flood Control Program 
Unti l 1972, the philosophy of the County concerning i t s flood con­
t ro l program remained r e l a t i v e l y unchanged from when the County f i r s t 
drafted i t s or ig ina l drainage ordinance in 1963. In 1972 the County's 
long standing pol icy of ge t t ing the water off the land and into the 
drainage system and then out of the watershed as fas t as poss ib le changed 
to a concept of retaining the flood waters in order t o : 
1. recharge th i s storm water into the ground water system, 
2. reduce the peak flood flows and the s i z e of the required 
drainage system downstream. 
Thus the present County ordinance contains e s s e n t i a l l y the same general 
p o l i c i e s as the 1963 ordinance except for t h i s recent i n t e r e s t in storm 
water re tent ion . 
Goals and Objectives of the Flood Control Program 
The County has not s p e c i f i c a l l y s tated any long or short term 
goals and object ives for i t s flood control program. A major drainage 
study now in progress does have as one of i t s object ives the formulation 
of goals and object ives for Fairfax County's drainage and flood control 
program. From interviews with County personnel the following items 
represent the general opinion of what these goals and object ives might 
be: 
1. Control storm water and keep i t out of e x i s t i n g and proposed 
development. 
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2. Minimize the poss ib le damages from major f looding. 
3 . Provide for the safety of e x i s t i n g and proposed developments. 
4. Continue development of the area without creating environ­
mental problems. 
5. Develop a comprehensive drainage plan for the County to 
handle storm runoff sa fe ly and e f f i c i e n t l y . 
6. Regulate development so as to prevent an increase in runoff 
rate from the development s i t e . 
Evolution of the Fairfax County Drainage Ordinance 
The manual that contains the County Drainage Ordinance i s e n t i t l e d , 
"Pol ic ies and Guidelines for the Preparation of Subdivision Plans and S i te 
Development Plans". The Board of County Supervisors in 1958 directed the 
Department of Public Works to prepare th i s manual. The guidel ines and 
other information contained in th i s publicat ion include the bas ic in for ­
mation that the Department of Public Works then had avai lable and a l so an 
updated version of the check l i s t s for drainage design developed by the 
Divis ion of S t r e e t s , Drainage and Subdivision Design, over a period of 
years. This manual has been reviewed by Professional Engineers p r a c t i c ­
ing in the County, and their recommendations were incorporated when 
p o s s i b l e . 
The Public Works Department kept t h i s manual updated from 1958 to 
1969. At t h i s time there was a reorganization of the County government 
and the Department of County Development was assigned th i s funct ion. 
The Engineers from both the Public Works Department and the Department 
of County Development have had considerable input into the e x i s t i n g ordi ­
nance. Although no formal s tudies or research were done during the 
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drafting or updating of th i s ordinance, the County has made i t a pol icy 
to k e t j p In c lose touch with other p o l i t i c a l ©nt I t l t ' H throughout t h e * 
country in order to benef i t from the ir e f f o r t s and experiences in the 
area of urban drainage. 
Fairfax County's Office of Comprehensive Planning has a l so been 
involved in the overa l l drainage program but in an advisory capacity. 
This o f f i c e has been very ac t ive in land use planning and project ions 
which are e s s e n t i a l to any drainage program. 
In addit ion, the Board of County Supervisors a l so establ ished a 
continuing review committee to evaluate the guidel ines contained within 
th i s manual. This committee consisted of one representat ive from each 
of the following organizat ions: 
1. Department of Public Works, Fairfax County, 
2. Northern Virginia Chapter of the National Society of 
Professional Engineers, 
3. Northern Virginia Builders Assoc iat ion , 
4. Mt. Vernon Chapter of the Virginia Associat ion of Surveyors, 
5. Home Builders Associat ion of Suburban Virg in ia , 
6. Fairfax County Federation of Civic Assoc iat ions . 
In 1972 Fairfax County adopted a new Public F a c i l i t i e s Manual 
which contains a sec t ion on Drainage. This sec t ion gives de ta i l ed c r i ­
t er ia on drainage design, s tudies required, flood plain ca l cu la t ion , and 
miscellaneous development standards. In addit ion to t h i s manual, the 
County has a l so formally adopted several p o l i c i e s that are d i r e c t l y 
related to th i s study on urban drainage ordinances. Following i s a 
descript ion and discuss ion of these p o l i c i e s . 
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P o l i c y on What M a y b e Done In Flood P la ins . I t i s recognized 
that some improvements must be made within flood p l a i n s , streams 
and/or drainageways in such a manner that the increased runoff 
from changes or improvements within the watershed may be accom­
modated without unacceptably e levat ing flood plain or stream 
l e v e l s part icu lar ly within improved or developed areas. This 
may take the form of stream bed c lear ing , removal of obstruct ions , 
reduction or c o n s t r i c t i o n s , s t a b i l i z a t i o n of stream bottoms and/ 
or banks or areas to el iminate or reduce eros ion, widening deepen­
ing or real igning of streams to provide the necessary hydraulic 
charac ter i s t i c s to accommodate the ant ic ipated stormwater flow 
without damaging adjacent propert ies . These improvements should 
include the removal of s i l t and debris which may clog or damage 
downstream drainage structures or property, the f i l l i n g or drain­
age of ponding areas and stagnant pools which are potent ia l 
vermin she l t er s and mosquito breeding areas. Recognizing the 
r ight of a land owner to the f u l l lawful use of h i s land and the 
County's r e s p o n s i b i l i t y for the protect ion of the hea l th , safety 
and welfare of I t s c i t i z e n s , back water areas may be f i l l e d when 
t h e y a r e n o t r e q u i r e d a s s a f e t y v a l v e s o r t e m p o r a r y r e t e n t i o n 
reservoir to control downstream runoff i n t e n s i t y so long as the 
necessary drainageway i s preserved and f i l l e d or excavated areas 
are adequately s t a b i l i z e d against eros ion. 
You can develop and build within the flood plain i f the f loor 
l e v e l of a l l s tructures i s at l e a s t 18" above the flood l e v e l . In other 
words you can construct the buildings on s t i l t s or piers and these can be 
placed within the flood p la in . The ordinance a l so allows f i l l i n g within 
the flood plain as long as the hydraulic charac ter i s t i c s of the flood 
plain are not changed. Equal amounts of storage must be provided to 
compensate for the storage that i s l o s t due to the f i l l i n g . 
There are no s p e c i f i c regulat ions within the ordinance dealing 
with the locat ion of pipes and u t i l i t y l i n e s crossing the flood p l a i n . 
Although these i n s t a l l a t i o n s can sometimes obstruct f lows, the County 
personnel reported that they have not experienced any problems with 
these i n s t a l l a t i o n s . 
Policy on Retention of Storm Waters. I t i s the intent of th i s 
pol icy to encourage the use of various methods for the o n - s i t e 
retent ion of storm waters in the i n t e r e s t of minimizing the 
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adverse e f f e c t s of increased storm water runoff, ( resu l t ing 
from development of land within the County), on downstream 
drainage ways such as stream va l l ey parks and natural flood 
p l a i n s . Some methods are discussed in the following para­
graphs but new approaches to accomplish th i s are to be en­
couraged. 
Temporary o n - s i t e retent ion of storm water i s des irable in 
many cases to a l l e v i a t e e x i s t i n g downstream drainage problems 
when the system i s c l ear ly inadequate and i t s expansion i s 
e i ther f inanc ia l ly prohibi t ive or a e s t h e t i c a l l y unaccepta­
b l e . 
The re lease rate from any temporary ponding area should ap­
proximate that of the area prior to the proposed development 
for the design storm, but adequate a l ternate drainage must 
be provided to accommodate major storm flows. 
The roof tops of bui ldings may be used for th i s purpose but 
care should be taken to design the bui ldings to accommodate 
the addit ional l i v e loading involved. 
Retention pools or basins in parks (subject to the approval 
of the Park A u t h o r i t y ) , p l a y i n g f i e l d s , parking l o t s or 
storage areas can be constructed to reduce peak runoffs 
downstream by providing temporary o n - s i t e s torage. Care 
must be taken to see that such temporary ponds do not become 
nuisances or health hazards. The maintenance r e s p o n s i b i l i t y 
w i l l be c lear ly stated on the plans . 
Previous material may be used where pract icable as an a l ­
ternat ive to parking area paving, which would allow the storm 
water to-be more readi ly absorbed by the ground rather than 
adding to addit ional runoff. This pract ice i s not appl icable 
to areas where a high water table e x i s t s or where subso i l 
conditions are not s u i t a b l e . 
This pol icy was adopted by the Board of County Supervisors on 
September 18, 1972 and has been interpreted by the County so that storm 
water retent ion-detent ion f a c i l i t i e s must be evaluated for a l l storm 
"drainage plans proposed for development in the County. This pol icy super­
sedes the 1971 County pol icy of requiring the i n s t a l l a t i o n of temporary 
storm water detention ponds only for development in areas where downstream 
storm drainage systems were not adequate to rece ive the increased runoff 
being generated by the upstream development, and d e f i n i t e planning was 
not avai lable for improvement of the inadequate downstream drainage 
system. 
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The County has not establ ished any r ig id standards to be used in 
designing the required detention bas ins . Each appl icat ion i s looked at 
separately and the best poss ib le so lut ion i s determined for that a p p l i ­
ca t ion . 
If a developer decides not to use retent ion storage then he must 
show that the increased runoff from h i s development w i l l not overtax the 
e x i s t i n g drainage system downstream or that i t i s impossible to "reason­
ably" incorporate retent ion storage within or downstream from h i s develop­
ment and that another so lut ion i s p o s s i b l e . 
The f i r s t storm water retent ion f a c i l i t y constructed in Fairfax 
County was Lake Anne located in Reston, Virginia . Lake Anne i s designed 
to receive a peak 100-year inflow of 3,350 c f s and discharge i t at a 
maximum rate of 600 c f s . This control led discharge from Lake Anne, which 
flows into Lake Fairfax, was given credit for saving Lake Fairfax from 
complete destruct ion during the Hurricane Agnes storm in June, 1972, 
which topped the Lake Fairfax dam, destroyed the dam's spil lway and about 
200 feet of the dam's downstream s lope . Reston has i n s t a l l e d a second 
retent ion f a c i l i t y , the Upper Snakeden Dam, and has approved plans to 
enlarge the Lower Snakeden Dam and convert i t to a bet ter retent ion 
f a c i l i t y . I t i s ant ic ipated by the County that these three dams w i l l 
create f ine recreat ional f a c i l i t i e s , high priced lake-front l o t s , as wel l 
as exce l l en t storm water retent ion f a c i l i t i e s . 
In compliance with the 1971 Fairfax County pol icy which required 
the i n s t a l l a t i o n of temporary storm water detention ponds for development 
in areas where downstream storm drainage systems were not adequate to 
rece ive any increased runoff, three detention ponds were constructed at 
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Tyson's K-Mart, Oakton Shopping Center , and Sunset V i l l a g e . These ponds 
were a l s o used as s i l t c o n t r o l s t r u c t u r e s . The ponds were a l l i n 
o p e r a t i o n during Hurricane Agnes and prov ided adequate s t o r a g e c a p a c i t y 
for t h i s s torm. I t i s a n t i c i p a t e d by the County t h a t t h e s e ponds w i l l 
c o n t i n u e to prov ide d e t e n t i o n s t o r a g e u n t i l downstream dra inage sys tems 
are improved. 
In a d d i t i o n t o t h e s e p r i v a t e l y c o n s t r u c t e d s t o r a g e f a c i l i t i e s , 
F a i r f a x County adopted the Pohick Watershed Plan In the l a t e 1 9 6 0 ' s and 
In c o o p e r a t i o n w i t h the S o i l Conservat ion S e r v i c e and landowners , are 
proceed ing w i th the c o n s t r u c t i o n of 8 r e t e n t i o n dams i n t h i s w at er sh ed . 
To d a t e , Lake Braddock, Dam No. 7, has been comple ted , Dam No. 8 i s under 
c o n s t r u c t i o n and c o n s t r u c t i o n b i d s are b e i n g taken for Dam No. 4 . 
P o l i c y on O f f - S i t e Drainage Improvements. In the i n t e r e s t of 
the h e a l t h , s a f e t y and w e l f a r e of a l l , when the a p p r o p r i a t e 
land use has been determined for any area t o be d e v e l o p e d , the 
County r e s e r v e s the r i g h t to r e q u i r e the d e v e l o p e r t o show 
t h a t o f f - s i t e downstream dra inage can be accommodated ( c o n ­
s i d e r i n g the planned development of the c o n t r i b u t i n g watershed) 
w i t h o u t damage to e x i s t i n g f a c i l i t i e s or p r o p e r t i e s b e f o r e such 
development i s approved for c o n s t r u c t i o n . 
Where a d e v e l o p e r c h o o s e s to c o n t r i b u t e h i s p r o p o r t i o n a t e share 
towards the c o r r e c t i o n of o f f - s i t e o u t f a l l d e f i c i e n c i e s , the 
County may a c c e p t such c o n t r i b u t i o n s towards t h e i r c o r r e c t i o n , 
and a c c e p t s the r e s p o n s i b i l i t y to i t s c i t i z e n s for the i n i t i ­
a t i o n and p r o s e c u t i o n of p r o j e c t s f o r the a l l e v i a t i o n and/or 
c o r r e c t i o n of storm dra inage d e f i c i e n c i e s i n s o f a r as funds can 
be made a v a i l a b l e f o r t h e i r accompl ishment . The p r o p o r t i o n a t e 
c o s t of such downstream Improvements i s r e p r e s e n t e d by t h e r a t i o 
t h a t t h e runoff from the p r o p e r t y , when d e v e l o p e d , bears to the 
t o t a l r u n o f f - o f f expec ted w i t h i n t h e watershed or a f f e c t e d 
p o r t i o n t h e r e o f . 
Where the d e v e l o p e r c h o s e s to e i t h e r c o n s t r u c t or p r o v i d e t h e 
funds f o r the c o n s t r u c t i o n of more than h i s p r o p o r t i o n a t e share 
of the downstream o f f - s i t e d r a i n a g e improvements so t h a t he may 
proceed w i t h the improvement of h i s land w i t h o u t damaging the 
p r o p e r t i e s of o t h e r s , the County w i l l endeavor t o c o l l e c t , on a 
p r o - r a t e b a s i s , any e x c e s s funds expended beyond h i s p r o p o r t i o n ­
a t e share of the c o s t of such improvements from o t h e r p r o p e r t i e s 
w i t h i n the watershed served by such dra inage improvements when 
such properties are developed within a period of ten years 
from the date that the drainage improvements are financed 
or constructed and to turn these funds without i n t e r e s t 
over to the i n i t i a l developer or h i s a s s igns . 
This po l icy has been in e f f e c t s ince 1963 and the County reports 
no problems with enforcing i t or ge t t ing the necessary cooperation from 
the developers involved. 
Policy on Proportionate Cost - Off-Site Drainage Improve­
ments . Development within a watershed involving a change of 
land use therein , i s normally associated with an increase in 
impervious areas resu l t ing in a greater quantity as wel l as 
a more rapid and frequent concentration of stormwater runoff. 
The construction of storm drainage improvements w i l l be re ­
quired along waterways as shed development progresses to a l ­
l e v i a t e flood damage and a r r e s t d e t e r i o r a t i o n of e x i s t i n g 
drainageways. The extend and character of such improvements 
s h a l l be designed to provide for the adequate correct ion of 
d e f i c i e n c i e s , and w i l l extend downstream to a point where 
damages to e x i s t i n g properties ascribable to the addit ional 
runoff w i l l be minimized. 
For the purposes of prudently providing for the orderly de­
velopment of drainagesheds and es tab l i sh ing a usable f a c i l i t y 
along waterways that may be reasonably maintained, the f i ­
nancing of required improvements w i l l be pro-rated over the 
contributing area. 
The proportionate cost of o f f - s i t e drainage improvements a t ­
tr ibutable to e x i s t i n g and proposed developments w i l l be based 
upon the project cost of those downstream f a c i l i t i e s that 
function to convey the stormwater runoff or ig inat ing wi th in 
the contributing shed l i m i t s of the development, and in the 
proportion that such runoff bears to the t o t a l being con­
veyed . 
To f a c i l i t a t e the computations for pro-rating drainage c o s t s , 
impervious area may be subst i tuted for runoff q u a n t i t i e s . 
The cost of o f f - s i t e downstream drainage improvements a t ­
tr ibutable to an acre of impervious area s h a l l be based upon 
a d i s tr ibut ion of the t o t a l downstream improvement cost over 
the ent ire impervious area within the contributing shed. 
The impervious area w i l l be determined from the most current 
and expected land use plans. The cost d i s t r ibut ion s h a l l be 
derived by dividing the contributing impervious area into the 
improvement cost of each downstream reach and preparing a sum­
mation of the same. 
To f u l l y understand the meaning of t h i s pol icy some further d i s ­
cussion of pro-rata cos ts i s needed. I t i s the pol icy of the County 
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that the Board of Supervisors i n i t i a t e s a l l plans where pro-rata can be 
used. In other words the County has designated certain areas of the 
County where pro-rata cost sharing can be used and other areas have not 
been so designated at t h i s time. I t i s ant ic ipated that the ent ire 
County w i l l be included in the pro-rata system in the near future. After 
an area has been designated by the Board, a private engineering con­
sul tant firm i s retained to design the engineering works needed to handle 
the ant ic ipated surface water that w i l l be generated from the planned 
ultimate development of the area. 
This engineering consultant firm determines the following for 
each watershed involved: 
1. The extent of improvements needed within each watershed. 
2. The costs associated with these improvements. 
3 . The cost/impervious area - Each watershed i s divided into 
sec t ions perpendicular to the dr iec t ion of the natural chan­
n e l . The distance that each sec t ion runs up and downstream 
i s not a constant but varies in an attempt to divide the 
watershed into sect ions where the flows within each sec t ion 
w i l l not vary great ly . ( e . g . , i f a major tributary enters 
the main stream t h i s would be a probable point where a new 
sec t ion would beg in) . After the sec t ions have been d e s i g ­
nated then a cost/ impervious area for each sec t ion i s de­
termined. Since the County f e e l s that upstream developments 
use more of the drainage system to convey the ir runoff to 
the nearest o u t f a l l than downstream development, they are 
assessed at a higher rate (cost/ impervious area) than the 
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downstream development. Thus the development furthest up­
stream pays the highest assessment while the development 
adjacent to an o u t f a l l pays the lowest . The s e l e c t i o n of a 
cost/impervious area for each sect ion i s somewhat subject ive 
and judgment plays a major r o l e . 
In order to obtain some uniformity in the ca lcu la t ions of 
impervious areas for d i f ferent developments the County has 
s e t up some standards. These standards s t a t e the amount of 
impervious area as a percentage depending on the type of de­
velopment. Following are some of the standards used by the 
County: 
Resident ia l % Impervious 
8400 sq. f t . 37 
10500 sq. f t . R-10 36 
12500 sq. f t . R-12.5 28 
17000 sq. f t . R-17 25 
21000 sq. f t . RE-1 20 (1/2 acre or more) 
Schools 50 





Thus to obtain the pro-rata cost for a part icular development the 
following formula would be used: 
Total area ( in acres) X % Impervious X Cost/Impervious 
Area 
Hydrologic Studies 
The rat ional formula (Q=CIA) i s recommended by the County for de­
termining quant i t i e s of runoff for areas up to 200 acres . The Anderson 
formula (Q»230KRAXT~0*4 8) i s recommended for determining quant i t i e s of 
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runoff for areas greater than 200 acres . The 200 acres i s somewhat of 
an arbitrary cutoff point but i t represents the lower l imi t recommended 
by Anderson when using the Anderson formula. 
The County f e e l s that the rat ional method has given s a t i s f a c t o r y 
resu l t s s ince they have not experienced any major fa i lures of the s truc­
tures designed by th i s method. There has a l so been very l i t t l e mainte­
nance and related problems caused by these s tructures . 
To designate the ir flood plain the County previously used a 10-
year design storm with 2 fee t of freeboard, but they now use a 100-year 
design storm with no free board. In several areas the County found that 
the area inundated by the 100-year storm would be l e s s than that e s t i ­
mated by using the 10-year storm with 2 fee t of freeboard. The U.S.G.S. 
did most of the design work in determining the 100-year flood pla in for 
the major streams (drainage areas of 1 sq. mi. and l a r g e r ) . The U.S.G.S. 
based their design on the Anderson formula. When a developer wants to 
develop an area that i s not covered by these s tudies then he must calcu­
la t e and determine the locat ion for the 100-year flood contour e levat ion 
and submit th i s ca lcu lat ions to the County for approval. 
Fairfax County does not recommend any part icular method for design­
ing detention storage f a c i l i t i e s . The County does f e e l that some hydro-
graph analys is i s necessary for an adequate design of such a s tructure . 
The So i l Conservation Serv ice ' s hydrograph analys i s method has been used 
in designing several of the storage f a c i l i t i e s now in use . The County 
emphasizes the fact that th i s concept of retent ion storage i s new to 
them and they are open to new designs and procedures. At th i s point in 
the County's development of procedures regarding retent ion storage they 
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are approaching each appl icat ion as an individual case and using the best 
design to f i t that s i t u a t i o n . 
Erosion and Sediment Control Program 
The County's erosion and sediment control program got i t s s tar t 
in 1962 when the So i l Conservation Service assigned a s o i l s c i e n t i s t to 
the County for the expressed intent ion of dealing with some of the 
problems of erosion and sedimentation from construction areas. Before 
t h i s , the SCS was used only to a s s i s t farmers with the ir conservation 
problems. In 1966 the County drafted a very general erosion control 
ordinance. Since that time Fairfax County has been very ac t ive in the 
area of erosion and sediment control and the ir present ordinance and 
Eros ion-S i l ta t ion Control Handbook have been used by many other c i t i e s 
and counties . The County r e a l i z e s that new techniques and methods for 
erosion and sediment control are constantly being researched and develop­
ed and that any program must remain f l e x i b l e in order to incorporate 
these advances. This a t t i tude can best be seen by reading the "note" 
at the beginning of the ir Eros ion-S i l ta t ion Control Handbook: 
This handbook reta ins it's "draft" labe l because of the amount 
of experimental work being done in urban erosion and s i l t a t i o n 
control and the continued d i f f i c u l t y in s e t t i n g s p e c i f i c 
qual i ty standards. 
Erosion and S i l t a t i o n Control Ordinance 
Fairfax County's current Erosion and S i l t a t i o n Control Ordinance 
includes the fol lowing: 
1, requirements s ta t ing when erosion and sediment controls are 
required, 
2. plans and s p e c i f i c a t i o n s required, 
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3. bonding requirements, 
4. p o l i c i e s and guidel ines pertaining to erosion and sediment 
control , 
5. a f ive stage process for submitting development plans inc lud­
ing submittal and review of preliminary and f ina l p lans , 
6. deta i led l i s t of typ ica l measures to be used for erosion and 
sediment control . 
General Comments Concerning Erosion and Sediment Control Program 
Fairfax County has developed a keen i n t e r e s t in the area of e r o s i o n a n d sediment c o n t r o l w h i c h c a n b e s e e n i n t h e magnitude a n d 
scope of the ir ordinance and program. The neighboring counties in 
Maryland also have extensive programs in th i s area, and Fairfax County 
o f f i c i a l s have availed themselves of much of the experience that the 
Maryland counties have had. 
Fairfax County uses several methods to control erosion and s e d i ­
mentation. Sediment bas ins , d ikes , straw, mulch, and seeding are the 
methods usual ly used and the ones that have produced the best r e s u l t s . 
The County f e e l s that the best approach to the problem i s the combined 
use of seeding, mulched dikes , and some storage f a c i l i t i e s (used for 
both storing storm water and a lso as a sediment b a s i n ) . The County 
normally requires that the developer seed and mulch a l l exposed areas 
60-90 days af ter i t i s cleared but t h i s r e s t r i c t i o n has not been s t r i c t ­
ly enforced. In s e t t i n g time l i m i t s within which cleared areas must be 
seeded and/or mulched, several of the County personnel expressed the 
opinion that i t might be bet ter to vary these l i m i t s according to the 
s o i l s , topography, time of year, e t c , but the County doesn't at th i s 
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time. Temporary vegetat ion and mulching i s required i f the s i t e i s 
cleared and i t i s expected to lay i d l e for some period of time before 
development. The County uses a 10-year design storm for a l l sediment 
bas ins . 
The County has not studied the e f f ec t iveness of the measures they 
use except for inspect ions of the s i t e during and af ter development and 
v i sua l e f f e c t s downstream. No research has been done to determine how 
much sediment i s trapped and how much passes through to downstream areas . 
The County does have a program for periodic sampling of the major lakes 
and streams but th i s i s used to determine general trends in sediment 
production and not to t e s t the e f f ec t ivenes s of any s p e c i f i c methods. 
County personnel f e e l that the major problem with the ir erosion 
and sediment control program i s the inspect ion . Most of the inspect ion 
i s done as a resu l t of a complaints, "after the fact" when l i t t l e can be 
done. In addit ion, u t i l i t y inspectors are used as inspectors for erosion 
and sediment control and usually lack the experience necessary for ef­
f e c t i v e inspect ion within t h i s area. Twice a year the County Develop­
ment Department does give an erosion and sediment control refresher 
course to i t s inspectors in an e f for t to correct t h i s s i t u a t i o n and pro­
vide interact ion between the Plan Review Section and the Inspection 
Department. 
Comprehensive Plan for Flood Control and Drainage 
In May, 1972, the Fairfax County Board of Supervisors retained 
Parsons, Brinckerhoff, Quade and Douglas, I n c . , as i t s flood control and 
storm drainage consultant , to prepare a Comprehensive Plan for Flood 
Control and Drainage for the watersheds of the County. The development 
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of th i s Master Plan w i l l be based on the overal l philosophy that storm 
water runoff i s a resource to be used in as many ways as poss ib le within 
the County before passing i t to the downstream channels. Dynamic flood 
and drainage models w i l l be developed for each drainage bas in . Those 
land areas of the County that are committed to be used as floodways w i l l 
be planned for every mult iple land use that may be iden t i f i ed to benef i t 
the County, such as l inear green b e l t s or fenways, developed recreat ion 
areas , open park areas , and s i l t a t i o n control f a c i l i t i e s . 
The Consultant w i l l develop a de ta i l ed work program for the Master 
Plan for Flood Control and Drainage for Fairfax County. Within the pro­
c e s s , s p e c i f i c c r i t e r i a w i l l be developed with the County to aid in s e t ­
t ing ob jec t ive s . Available data w i l l be assembled and evaluated for i t s 
use in the study. Liaison with concerned agencies w i l l be es tabl i shed 
by the Consultant. 
S p e c i f i c a l l y , the Consultant i s to provide a general overview of 
County drainage work and a review of drainage plans submitted in the 
name of various developments, to determine general adequacy of these 
plans and their compatibi l i ty with County drainage o b j e c t i v e s . Exist ing 
drainage programs are a l so to be reviewed to determine the ir e f f e c t upon 
and compatibi l i ty with County drainage o b j e c t i v e s . The Consultant i s to 
develop, through spec ia l s t u d i e s , so lut ions to s i l t a t i o n and debris con­
tro l problems. Variations on the general concept of detention basins 
w i l l a l so be explored. New drainage program concepts w i l l be developed 
and analyzed. The concept of storm runoff as a resource out of place 
w i l l be pursued in finding productive and useful purposes for the storm 
water. Other spec ia l s tudies w i l l be performed as the need for them i s 
210 
defined. 
The Consultant w i l l consider the need for a project /publ ic aware­
ness program that w i l l have the purpose of including the ideas and con­
cerns of the c i t i zenry of Fairfax County in the development of planning 
concepts. The awareness of the general public of the problems of flood 
control , s i l t a t i o n , debris , detention basin operation, flood waters d i ­
version and use, e t c . , may also be made the concern of the Consultant. 
For each drainage basin within the County, as defined by the 
County, a basin drainage plan i s to be developed. The plan w i l l include 
a dynamic flood waters and drainage model of the basin and a s e t of flood 
control improvement projects which may become act ive as growth and changes 
in land use take place . Specif ied water surface and peak flow discharge 
l i m i t s for the design storm w i l l provide the basic control on runoff 
changes with changes in land use. The County w i l l e s t a b l i s h the p r i o r i ­
t i e s in which the various drainage basins w i l l be s tudied. 
Subsequently, the Consultant w i l l prepare the County Master Plan 
for Flood Control and Drainage which w i l l integrate and incorporate the 
various individual basin plans into a s ing le comprehensive, county-wide 
plan. Recommendations for changes in the County Code to implement the 
r e s u l t s of the Master Plan w i l l be prepared. 
The Consultant w i l l prepare Environmental Assessments as required 
to support the on going program of flood control and drainage planning 
and to assure that environmental concerns are properly included in the 
planning program. 
In the development of the County Comprehensive Master Plan for 
Flood Control and Drainage, the Consultant w i l l give major emphasis to 
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the fol lowing: 
A. The use of mathematical/computer modeling methods for water­
shed evaluation and management. 
B. A review of the County's methodology of ca lcu lat ing storm 
water runoff, both l o c a l l y and on a basin b a s i s . 
C. The concept of retaining i n i t i a l storm water flows o n - s i t e 
to the maximum extent p o s s i b l e . 
D. The evaluation of ground water hydrology within the County 
and ways in which the ground water may be added to through 
accelerated storm water i n f i l t r a t i o n . 
As a general consultant to the County, the Consultant w i l l serve 
in implementing the design and construction of those physical f a c i l i t i e s 
that are ident i f i ed to be required for flood control and drainage. 
F a c i l i t y design and technical inspect ion of construction by others w i l l 
be overseen and guided by the Consultant, as agent for the County. Se­
l e c t i o n of Section Engineers to prepare s p e c i f i c designs w i l l be made by 
the County. Other assignments re la t ing to flood control and drainage 
within the County of Fairfax w i l l be performed by the Consultant as 
directed by the County. 
Fairfax County f e e l s that t h i s broad scope of a c t i v i t i e s for the 
County's Drainage Consultant w i l l re su l t in Fairfax County having the 
most comprehensive, environmentally s e n s i t i v e , economic plan for flood 
control and drainage of any area in the country. 
In t h i s study, the consultant w i l l consider ant ic ipated develop­
ment in the years 1980, 1990, and 2000 and propose drainage f a c i l i t i e s 
for the ent i re County under these development condit ions . A pro-rata 
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system of cost sharing w i l l then be set up for the ent ire County to cover 
the cost of these f a c i l i t i e s . Each drainage system and sub-sect ion w i l l 
have i t s own costs depending on the drainage f a c i l i t i e s needed. 
The consultant i s using the MIT Catchment Model to simulate the 
hydrology within the d i f ferent watersheds. This model can be used to 
detect a change in land use of 50 acres or more. The model w i l l be used 
to look at both changes in peak flows and volumes under varying condit ions 
of land use . Thus the County w i l l be able to use th i s model to t e s t d i f ­
ferent a l t ernat ives to i t s development pattern. In addit ion, with the 
use of pro-rata in combination with the model r e s u l t s the developer w i l l 
then be paying for the actual changes in the peak flows and volumes of 
flows that resu l t d i r e c t l y from th i s development. 
Problems Encountered in the Application of Fairfax County's Drainage and 
Erosion Program 
Inspection seems to be the major problem with the County's program. 
The County personnel report that both the quantity and qual i ty of i n ­
spectors need to be improved. They report that many projects are not 
constructed according to the plans because of the lack of adequate i n ­
spect ion. Erosion and sediment control measures are not maintained 
during the ent ire construction process and thus at t imes, they become 
i n e f f e c t i v e or inoperat ive . In addit ion, many of the County regulat ions 
concerning erosion and sediment control ( e . g . , mulching, seeding, use of 
other sediment control methods) are not s t r i c t l y enforced. 
This problem of poor inspect ion i s complicated by the fact that 
the engineers and designers within the Design Review Section do not have 
the time to do much inspect ion of the projec t s . Thus there e x i s t s a gap 
213 
between the review of the plans, proposed procedures and methods, and 
the actual implementation In the f i e l d . 
Several interviews were conducted with loca l engineering con­
sul tants to get the ir views of the County's program. Generally the con­
sul tants were in agreement that Fairfax County was a "leader" in storm 
drainage and erosion control and that the ir overa l l program was good. 
The consultants f e l t the County program allowed the f l e x i b i l i t y that the 
engineers needed to design the best drainage system for each development, 
and that the Ordinances were not so r e s t r i c t i v e as to usurp judgment 
from the engineer. 
The consultants f e l t very strongly that the engineer should be 
able to express h i s opinion whether or not o n - s i t e storage should be 
used to solve a given drainage program. They f e l t a blanket rule of on-
s i t e storage for every development i s not a good so lu t ion to drainage 
problems, because some s i t e s may not have su i tab le areas for storage 
f a c i l i t i e s and another so lut ion might be much bet ter from an engineering, 
economic or ae s the t i c point of view. 
Although the consultants agreed there were no major changes they 
would l i k e to see in the County's program there were several areas in 
which they expressed some concern: 
1. More hydrologic research should be done within the County. 
2. Research should be done with regard to maintenance and 
economics of d i f ferent drainage s tructures . 
3. Study and research i s needed in the area of o n - s i t e s torage , 
A. Study the poss ib le problems with using roof top storage 
( s p e c i f i c a l l y with regard to freezing and poss ib le buildup 
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problems). 
The consultants agreed that inspect ion was the major problem with 
the County's program. Some poss ib le so lut ions to t h i s problem that they 
brought out were: 
1. Hire a consult ing firm to do the inspect ion . 
2. Better tra in the inspectors , two year technical graduates 
might make good inspectors . 
3. Have the profess ional engineer that works on the design a l so 
be responsible for some of the inspect ion . 
Concluding Remarks 
For years Fairfax County has shown much concern in the area of 
erosion and sediment control . Along with the ir neighboring Maryland 
Counties they were one of the f i r s t areas in the country with many facets 
of the ir program. At the same time the philosophy that permeated the ir 
drainage program was one of conveying the water off the s i t e and into 
the drainage system as fas t as p o s s i b l e . Today t h i s philosophy i s chang­
ing to one of trying to keep the runoff on the s i t e and slowly discharg­
ing i t into the drainage system. Thus through a process of many years of 
evolution the County now has extensive ordinances covering drainage and 
erosion control in conjunction with several handbooks and other l i t e r a t u r e . 
One of the major di f ferences between the Fairfax County program 
and that found in the Atlanta Metropolitan Area i s maintenance. Fairfax 
County maintains the ent ire drainage system except for retent ion ponds 
constructed on indus tr ia l or commercial land, which are maintained by 
the property owners. If these ponds are not maintained the County w i l l 
go in and maintain them and put a l i e n on the property to cover the costs 
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incurred. Retention ponds constructed in r e s i d e n t i a l areas are main­
tained by the County. The County a lso does not maintain the drainage 
f a c i l i t i e s that are within the S ta te ' s highway system right-of-way, 
s ince these are maintained by the Sta te . 
The County does not have j u r i s d i c t i o n within the incorporated 
areas of the C i t i e s of Fairfax, Vienna, Fa l l s Church, Cl i f ton , and Herden 
but i t does maintain the drainage system within these areas. 
Fairfax County's drainage and erosion program has many strong 
points which were brought out in the previous d i scuss ions . Most of the 
problems that have been encountered resulted from a lack of enforcing the 
provisions of the program rather than a weakness in the program i t s e l f . 
As in several of the other areas s tudied, the one major weakness of the 
overa l l program i s the lack of s e t t i n g and c lear ly defining the goals 
and/or o b j e c t i v e s . This problem may stem from the lack of input that 
planners have had in the County's program. The planners input has been 
confined to designing the Master Land Use Plan for the County, which i s 
then used as the ultimate development for the hydraulic and hydrologic 
s tud ie s . 
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Ralph Jordan . . . . . . . . . . . . Plan Reviewer 
Conrad Brewer . . . . . . . . . . . . Department of Public Works 
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The following case study covers the area in and around the Chicago 
Metropolitan Area under the j u r i s d i c t i o n of the Metropolitan Sanitary 
D i s t r i c t of Greater Chicago. 
General Topography of the Chicago Area (1) 
The Chicago area i s r e l a t i v e l y f l a t and r o l l i n g . Ridges and 
divides are general ly not d i s t i n c t , and in e f f e c t are h igh-e levat ion 
p la ins . 
The streams generally flow p a r a l l e l to the lake shore. Most of 
the gradients are low; the streams wander in the ir courses and some often 
reverse d irec t ion of flow. The area i s spotted with ponds and sloughs. 
Some of the streams flow in shallow beds and have wide flood pla ins and 
in only a few places have the streams eroded a prominent course. 
Major Drainage Basins (1) 
The Chicago area, as considered in th i s case study, cons i s t s of 
four major natural drainage bas ins . These basins and their subdivis ions 
are shown on Figure C-l. • „ ' ' . 
The Chicago River system with i t s north and south branches drains 
basins (1) and ( 2 ) , almost a l l of the City of Chicago, and many of the 
northern suburbs. The natural course did flow into Lake Michigan at 
downtown Chicago, but the course has been reversed and the basin now 
drains out the South Branch, 
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Figure C-l., Chicago, I l l i n o i s - Major Drainage Basins 
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The DesPlaines River basin (portions of which are shown as areas 
3 , 4 , 9, and 10 and Figure C-l) i s flanked by the Chicago River basin on 
the e a s t , and the Du Page and Fox River basins on the west. The source 
of the r iver i s in Racine County, Wisconsin, and the mouth i s at the 
I l l i n o i s River, below J o l i e t , I l l i n o i s . 
The Calumet River basin (areas 4, 6, 7 and a part of la ) l i e s near 
the southern perimeter of Lake Michigan. The Grand and L i t t l e Calumet 
Rivers para l l e l the lake , and have the ir confluence at the Calumet River. 
These r ivers have been reversed and flow out the Calumet-Sag Channel. 
Formerly, they discharged to Lake Michigan at 90th Street . 
Lake Michigan and some of the contiguous land area i s considered 
to be the fourth drainage bas in . 
These four drainage basins have been subject to man-made changes 
and rerouting. However, although the out l e t patterns have been great ly 
remodeled, the areas contributing to them have remained the same, except 
for areas along the Calumet-Sag Channel and areas in Indiana on the up­
per reaches of the Grand and L i t t l e Calumet Rivers. 
Drainage History (2) 
The d irec t ion of the natural drainage of the Chicago area i s 
divided along a l i n e roughly para l l e l ing the Lake Michigan shore l ine , 
ly ing from three miles in the north to ten miles in the south, from 
the shore l ine . The eas ter ly streams flow into Lake Michigan which i s 
a part of the St. Lawrence River system. The westerly streams are part 
of the Miss i ss ippi River system. 
Sewerage and waste water from the Chicago area was o r i g i n a l l y 
deposited into the streams which followed natural courses to Lake 
2 2 1 
Michigan. Lake Michigan, in addition to being a bas i s for indus tr ia l and 
commercial v i t a l i t y , i s the source of most of the Chicago-area water sup­
ply. Epidemics and threats of epidemics of water-borne d iseases in the 
mid and l a t e 1800's necess i tated a constant e f for t to maintain a pure 
water supply. 
The I l l i n o i s and Michigan Canal, constructed during the period 
1836-1848 as a navigation l ink between Lake Michigan and the I l l i n o i s 
Waterway, did draw water out of the South Branch of the Chicago River 
for navigation purposes. This withdrawal had l i t t l e e f f e c t upon the 
diversion of waste waters away from Lake Michigan because of the small 
hydraulic capacity of the I & M Canal. Due to the growth of r a i l tranpor-
t a t i o n , the I & M Canal was used r e l a t i v e l y l i t t l e a f ter 1870. In the 
1840's another canal was constructed l inking the South Branch of the 
Chicago River with the Des Plaines River near Riverside. This d i tch , 
ca l led the Ogden-Wentworth Ditch, received waters from the South Branch 
v ia a pumping s t a t i o n . This water then flowed westerly and into the Des 
Plaines River. Use of th i s f a c i l i t y did help in the divers ion of waste 
water from Lake Michigan, but more s i g n i f i c a n t l y , prevented stagnant 
conditions in the South Branch of the Chicago River during times of low 
flow. During a large storm which h i t the Chicago area in 1885, flood 
waters backed up through t h i s Canal from the Des Plaines River into the 
Chicago River system, and thence into Lake Michigan. This storm made i t 
obvious that the methods of diversion used up u n t i l th i s time were insuf­
f i c i e n t insofar as preventing po l lu t ion of Lake Michigan and i n s u f f i c i e n t 
in preventing overflow from the Des Plaines River which caused flooding 
in the Chicago area. Thereafter, the Sanitary D i s t r i c t was formed and 
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the great works of improvement were undertaken, which caused the reversal 
of the River systems which emptied into Lake Michigan in the Chicago 
area. 
The Sanitary and Ship Canal, opened at the turn of the century 
(1900), provided an o u t l e t for the maximum diversion predicted at that 
time. This great project e f f e c t i v e l y reversed the flow of the Chicago 
River, and carried it's discharge through the Des Plaines River va l l ey to 
the I l l i n o i s waterway. The l a t er (1936-1938) construction of the locks 
at the mouth of the Chicago River created a p o s i t i v e control to prevent 
waters of the Chicago River from flowing^ into Lake Michigan. In addit ion, 
the construction of the Calumet-Sag Channel (1916-1922) provided an out­
l e t for the Calumet River system. 
The storm of October 1954, was the f i r s t instance s ince construc­
t ion of the Chicago River lock when these channels were inadequate to 
carry drainage away from Lake Michigan. Three years l a t er in 1957 there 
was another storm large enough that i t was necessary to r e l i e v e flooding 
by allowing some of the runoff to flow into the Lake. Since 1957, storm 
discharge to the Lake has occurred with increased frequency. 
Many other channel developments have been made for the improve­
ment of flow in the drainage system. The North Shore Channel (constructed 
1908-1910) allowed d i lu t ion (with f lus ing water from Lake Michigan) of 
waste water discharged in the North Branch from the indus tr ia l i zed north 
s ide of Chicago, thereby maintaining flow in the North Branch of the 
Chicago River. At the downstream end of the Chicago Sanitary and Ship 
Canal, a hydroelectric power plant was b u i l t by the Sanitary D i s t r i c t to 
develop a resource which was made avai lable by v ir tue of the construction 
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of the Canal and the diversion of Lake Michigan water. The power plant 
had a rated capacity of 28,000 horsepower. In addition to the power 
p lant , a lock was i n s t a l l e d for waterway navigation and control gates 
provided for re lease of storm water when discharge in excess of the 
capacity of the power plant was required. 
The Chicago River has been improved to make i t more su i tab le for 
navigat ion. The Calumet Rivers has a lso been improved for navigat ion. 
These improvements have a l so been improved for navigat ion. These improve­
ments have had an auxi l iary e f f e c t of improving runoff capacity. 
Diversion from Lake Michigan* through the channels of the Sanitary 
D i s t r i c t , was designed on the bas i s of 3.3 c f s per 1,000 population. The 
Channel was designed to accommodate 10,000 c f s which allowed for an u l t i ­
mate population of 3,000,000 people. In 1909, a Treaty was signed by the 
United States and Canada which allowed for a maximum diversion of 10,000 
cfs at Chicago. In 1925, l i t i g a t i o n was begun by other Lake States to 
reduce Chicago's use of Lake Michigan water. The l i t i g a t i o n resulted in 
a decree which reduced the water avai lable to the Sanitary D i s t r i c t and 
required the construction of Treatment Plants and the bui lding of a lock 
at Chicago Harbor. Allowable diversion was reduced in success ive stages 
to an annual average of 1500 c f s , beginning on January 1, 1938. Except 
for brief periods , th i s annual average has remained and has been adhered 
to u n t i l February 28, 1970. L i t iga t ion which began in 1959 resulted in 
another court decree handed down in 1967. This decree provided for an 
a l l oca t ion of 3200 cfs Lake Michigan water, on the annual average, to 
the State of I l l i n o i s , beginning March 1, 1970. While the divers ion was 
s i g n i f i c a n t l y increased, I t i s only an apparent increase as the new decree 
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Included within the t o t a l both domestic, d i l u t i o n , and the storm runoff 
water. Prior to that , the 1500 cfs l imi t included only d i lu t ion and 
storm runoff water. Actual ly , the 1967 decree resulted in no addit ional 
water for the Sanitary D i s t r i c t or the State of I l l i n o i s . I t did pro­
v ide , however, that the State must use th i s water in the best poss ib le 
way and exhaust a l l f e a s i b l e means of exp lo i t ing other water resources 
and conserving e x i s t i n g resources before asking the Court for an increase 
in the diversion al lotment. This may resu l t in a reduced allowance to 
the Sanitary D i s t r i c t for d i lu t ion purposes as the demand for domestic 
water increases . 
History and Functions of the Metropolitan Sanitary D i s t r i c t 
of Greater Chicago . (2) 
The Sanitary D i s t r i c t of Chicago was or ig ina l l y organized under an 
act of the General Assembly of the State of I l l i n o i s , dated May 29, 1889. 
This act has been amended from time to time increasing or modifying the 
power of the D i s t r i c t . In 1955 the name was changed to The Metropolitan 
Sanitary D i s t r i c t of Greater Chicago (hereafter referred to as the Sani­
tary D i s t r i c t ) . The Sanitary D i s t r i c t now encompasses 90% of the area 
and 99% of the population of Cook County, I l l i n o i s . 
The Sanitary D i s t r i c t i s governed by a board of nine Trustees 
e lec ted by the vo ter s . Three are e lec ted at large every two years for 
s i x year terms. The Board of Trustees e l e c t s from i t s membership a 
President and a Vice-President . The President has the power of veto over 
the ordinances passed by the Board. 
The main function of the Sanitary D i s t r i c t i s keeping sewage p o l ­
lu t ion out of the water supply and c o l l e c t i o n and treatment of sewage to 
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avoid contamination of the Chicago, DesPlaines and I l l i n o i s Rivers. I t 
exerc i ses control over l oca l sewerage systems but ownership, construction 
and maintenance of these f a c i l i t i e s i s l e f t to munic ipa l i t i es or u t i l i t y 
companies. I t does, however, provide the main trunk l i n e s for the c o l ­
l e c t i o n of sewage from loca l systems together with the treatment and 
disposal thereof. 
In addition to guarding the streams and waterways against po l ­
l u t i o n , the Sanitary D i s t r i c t has authority to assume some r e s p o n s i b i l i t y 
for providing adequate f a c i l i t i e s to handle storm-water runoff within the 
area under i t s j u r i s d i c t i o n . The Sanitary D i s t r i c t i s supported by di­
rect taxation and may i s sue bonds for permanent improvements. I t a l so 
has the power of eminent domain and po l i ce power. 
The Sanitary D i s t r i c t or ig ina l l y comprised an area of 185 square 
miles with a population of 1,150,000 people. Today the Sanitary D i s t r i c t 
comprises an area of 860 square miles and has a population of nearly 
5,500,000 people. To t h i s l a t t e r population figure could be added 6 
another 3,500,000 people representing a population equivalent for the 
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industr ia l waste now being treated by the Sanitary D i s t r i c t . 
The or ig ina l area was made up of the City of Chicago, Oak Park, 
Cicero, Berwyn, Stickney and part of Lyone Township. Annexations have 
been made in 1903, 1913, 1917, 1919, 1921, 1927, 1949, 1945, 1947, 1949, 
1951, 1953, 1955 and 1956. Al l of th i s annexed terr i tory has been with­
in Cook County. 
History of Flooding in the Chicago Metropolitan Area (2 , 3) 
The Chicago area - because of i t s unfortunate topographical s e t ­
t ing , rampant growth and inadequate regulatory authority - i s perhaps 
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one of the most severely flood plagued urban areas in the world. This 
area has suffered from flood damage with increasing frequency from the 
time the or ig ina l s e t t l e r s f i r s t inhabited th i s area. 
One of the f i r s t major floods of record occurred in March, 1849, 
and resulted in considerable damage to ships and bridges along the 
Chicago River. This part icular storm was further complicated by i c e 
jams in the r iver which contributed great ly to the damage. The storm of 
August, 1885, although not part icu lar ly destruct ive to property in the 
Chicago area, did carry a large volume of debris and f i l t h out into Lake 
Michigan thereby po l lut ing the water supply. The publ i c ' s react ion to 
th i s condition resulted in the formation of the Sanitary D i s t r i c t of 
Chicago in 1889 as previously discussed. 
In the past twenty-five or th ir ty years , due to the extensive 
growth of th i s area, the runoff from rain storms has increased about; two 
and one-half t imes. There have been no improvements in the main channels 
however, s ince the ir or ig ina l construct ion. Coincidental with the i n ­
crease in runoff has been the occurrence of several major storms, one in 
1954 and another in 1957, which were of a magnitude that should be ex­
pected no more frequently than once in a hundred years . 
The annual average flood damages including sewer back-up, i s ap­
proximately 30 mi l l i on dol lars and a f f e c t s 50,000 homes. Money damages 
and numbers of homes are only part of the trouble . Perhaps as s i g n i f i ­
cant i s the lowering in the qual i ty of l i f e , public and private incon­
venience, and widespread fear and anxiety when a storm i s predicted. 
The stream beds that carry th i s addit ional runoff remain e s s e n t i a l 
ly the same now as when the area was o r i g i n a l l y s e t t l e d . They have been 
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constr ic ted , however, by the construction of numerous br idges , c u l v e r t s , 
etc., and by encroachments upon the natural stream beds and flood plains 
by housing developments and other construct ion. The flow in these 
streams has been further constr icted by an accumulation of a l l u v i a l de­
p o s i t s , t r e e s , and debris , and by the dumping of refuse within the stream 
bed. Numerous swampy areas which previously provided storage capacity 
for the streams during floods have been f i l l e d in and used for bui ldings 
or other purposes. 
Partly because of these cons tr ic t ions the streams and channels of 
t h e S a n i t a r y D i s t r i c t a r e i n c a p a b l e o f c a r r y i n g t h e s t o r m r u n o f f d u r i n g 
heavy storms. The high-water stages of the streams often inundate the 
combined sewer overflow o u t f a l l s and storm sewer o u t f a l l s . As a r e s u l t , 
sewage water backs up into basements and s t r e e t s in commercial and r e s i ­
dent ia l areas. 
The rapid development of the rural areas of Cook, Wil l , and DuPage 
Counties for r e s i d e n t i a l and commercial purposes i s compounding the drain­
age problem. These developments have radica l ly changed the runoff 
charac ter i s t i c s of these areas. Large paved surfaces , roof s , s t r e e t s , 
etc., increase both the volume and rate of storm water runoff. In most 
areas, the e x i s t i n g sewer systems were not designed for t h i s rapid growth 
and consequently do not provide the means of handling t h i s increase in 
storm runoff. Many new r e s i d e n t i a l developments are in areas where 
natural drainage i s extremely poor. These developments have been plan­
ned with l i t t l e or no regard for providing adequate drainage f a c i l i t i e s 
for storm water runoff. 
Drainage problems for some communities are compounded by 
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r e s i d e n t i a l and commercial developments outside their corporate l i m i t s . 
Orig inal ly , the natural drainage from the outlying unincorporated areas 
passed into or through the incorporated community and the sewer system 
was designed to take care of th i s '"natural" runoff. However, as these 
outlying areas are b u i l t up, the rate of runoff increases and soon over­
taxes the sewer system with resul tant flooding of previously unflooded 
areas . Without new l e g i s l a t i o n there i s no apparent, general ly accepted 
means of compelling areas outside the corporate l i m i t s to bear part of 
the cost of enlarging or improving the affected drainage system. 
Numerous drainage districts were formed in early years for the ex­
press purpose of providing agr icul tura l drainage. In certa in instances 
these drainage d i s t r i c t s have been found to be a contributing cause of 
drainage problems farther downstream. In providing adequate drainage 
within the d i s t r i c t during storm condit ions , an increased rate of flow 
i s discharged into the out le t stream. The stream in many cases i s inade­
quate to carry the extra water and lands flood farther downstream. 
The Sanitary D i s t r i c t has designed i t s intercept ing sewers to 
handle 150% of the normal sanitary flow, which i s determined from past 
records of average f lows. When flow exceeds t h i s amount due to storm 
runoff, the excess i s automatically diverted into r ivers and canals 
adjacent to the community where the storm water or ig inated. A frequent 
complaint i s that these divers ion structures sometimes jam and cause 
inundation of l o c a l sewer systems. Often, when the r iver or canal i s at 
f lood s tage , i t causes backup, with resul tant flooding in the storm area. 
The Chicago River, L i t t l e Calumet River, Cal-Sag Channel, and the 
Chicago Sanitary and Ship Canal provide l i t t l e storage capacity above 
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normal water e l e v a t i o n . The normal l e v e l must be maintained for navi ­
gat ion. Therefore, i t i s evident that flooding i s l i k e l y and does occur. 
In the lower reaches of the r iver the water l e v e l i s lowered in advance 
of antic ipated storms to increase hydraulic gradients and hence d i s ­
charge ra tes . The lowering of th i s water l e v e l in advance of storms has 
been standard operating procedure of the Sanitary D i s t r i c t for some time. 
Causes of Flood Damage (2) 
The greatest flood damage i s caused by water backing up into basements 
from sewers or drains. This causes extensive damage to property stored 
in the basements as wel l as to motors of appliances and heating equipment. 
In some bui ld ings , the water causes major damage to recreat ion rooms, 
depending upon the type of f looring and paneling. 
In some ins tances , the capacity of a sewer system i s overtaxes 
causing the water to overrun curbings and lawns, and to enter the base­
ment through the windows or the upper l e v e l s through doors. This s i t u ­
at ion occurs frequently in some areas, e s p e c i a l l y in the f a l l when s t r e e t 
drains may be clogged with leaves or other debris . 
Damage i s often done to property as a re su l t of water pressure 
exerted against building wal l s or basement- f l o o r s , causing water seepage 
into the bui lding or causing a cracking, bulging, or d i s in tegrat ion of 
wal ls or f l o o r s . In many areas , e s p e c i a l l y in the southern portion of 
Greater Chicago, water has r i s en to f loor l e v e l s of many dwell ings there­
by ruining furniture , rugs and other household a r t i c l e s . 
Viaduct and s t r e e t flooding causes much damage to buses , automo­
b i l e s , s t r e e t cars and t r a i n s . The addit ional expense of having t r a f f i c 
halted or re-routed, at much inconvenience to the publ ic , could be added 
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to s p e c i f i c property damage in th is instance . 
Numerous communities outside the Sanitary D i s t r i c t ' s boundaries 
u t i l i z e the streams for the disposal of e f f luent from the ir sewage d i s ­
posal p lants . During high water these l oca l plants are often inundated 
by water backing up through the ir o u t f a l l sewers. This creates a c r i t i ­
cal health hazard due to the p o s s i b i l i t y of raw sewage seeping into the 
water supply systems, reducing e f f i c i e n c y of the p lan t s , and po l lu t ing 
storm water. In addit ion, there would be a general nuisance from such a 
s i t u a t i o n . 
F l o o d - H a z a r d M a p p i n g i n M e t r o p o l i t a n C h i c a g o (4) 
In an e f fort to indicate which areas within the Chicago Metro­
pol i tan area have the greatest potent ia l of being affected by f looding, 
a flood-mapping program financed j o i n t l y by the s i x counties of Metro­
pol i tan Chicago (Cook, DuPage, Kane, Lake, McHenry, and W i l l ) , the North­
eastern I l l i n o i s Planning Commission, the State of I l l i n o i s , and the U.S. 
Geological Survey was undertaken in 1961. This unique flood-mapping 
program has resulted in maps, showing the flood hazard of nearly the en­
t i r e s ix-county metropolitan area. 
A flood-l\azard map uses as i t s base a standard U.S. Geological 
Survey 7-1/2 minute topographic quadrangle which includes contours that 
define the ground e levat ion at s tated i n t e r v a l s . Each of the quadrangles 
covers an area of approximately 57 square mi l e s . The area inundated by 
a part icular "flood of record" i s superimposed in l i g h t blue on the map 
to designate the "flood-hazard area". Also marked on the flood-hazard 
map are distances (at 1/2-mile in terva l s ) along and above the mouth of 
each stream and the locat ions of gaging s t a t i o n s , c r e s t - s t a g e gages, and 
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drainage divides. 
Accompanying the flood-hazard map are explanatory texts, tables, 
and graphs, which facilitate their use. One set of graphs shows the 
probable frequency of flooding at selected gaging stations. These graphs 
indicate the average interval (in years) between floods that are expected 
to exceed a given elevation. Frequencies can also be expressed as proba­
bilities which make It possible to express the flood risk or flood hazard 
for a particular property; for example, a given area may have a 5 percent 
chance of being inundated by flood waters in each year. 
This flood-mapping program was carried out in three phases. The 
first phase extended from July 1, 1961 to June 30, 1966. In phase one 
of the program, flood maps were prepared for 43 7-1/2 minute quadrangles 
in the six-county area. This constitutes about 70 percent of the total 
area that has been mapped to date or 60 percent of the total six-county 
metropolitan area. Because of insufficient hydrologic data in much of 
the area, it was necessary to establish 229 crest-stage gages to record 
instantaneous flood peaks so that flood profiles and flood-plain limits 
could be better defined along the approximately 1,000 miles of streams 
located in the 43 quadrangles. 
The second phase extended from July 1, 1966 to June 30, 1969. 
This phase involved the preparation of 19 additional flood maps. As in 
the areas mapped in phase one, it was necessary to establish 165 crest-
stage gages within these additional areas. In addition, the crest-stage 
gages established as part of phase one were kept in operation as part of 
phase two, to extend the hydrologic records. 
The completion of phase two made flood maps available for the 
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ent ire metropolitan area with the exception of the western part of Mc-
Henry County and the completely urbanized area of Chicago and the c l o s e -
in suburbs in Cook County. 
Phase three of th i s project , which i s currently in progress, has 
four major objec t ives : 
1. continued operation of the e x i s t i n g network of cre s t - s tage 
gages, 
2. evaluation of the c r e s t - s t a g e gagenetwork for adequacy and 
relevance, 
3. extension of the program to unmapped areas , 
4. periodic and systematic rev i s ion of the flood maps prepared 
in phases one and two. 
The U.S. Geological Survey s t a t e s that , "continuation of the co­
operative flood-hazard mapping program along these l i n e s w i l l assure that 
l o c a l governmental bodies , i n d u s t r i e s , u t i l i t i e s , developers , and c i t i z e n s 
of Metropolitan Chicago w i l l have more and bet ter flood information which 
can be used in furthering the region's orderly development." 
Flood Control Act iv i ty by the Metropolitan Sanitary D i s t r i c t (3) 
The most prominent agency in flood control work in the Metropol­
i tan Chicago area i s the Sanitary D i s t r i c t . I t has thrust i t s e l f into 
the void created by the i n a c t i v i t y of o thers , and assumed as a secondary 
function that of flood control , along with the ir primary functions of 
c o l l e c t i o n and treatment of wastewater and water qual i ty standard en­
forcement 
In the regulatory area, the Sanitary D i s t r i c t has required the 
l oca l zoning a u t h o r i t i e s , Vi l lage and the County, to enact flood pla in 
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ordinances. The Sanitary D i s t r i c t requires these ordinances before they 
allow an area to connect to their sanitary sewer system. These ordinances 
do safeguard flood plain developments against highwater but do not pro­
vide for the preservation of natural storage. The Sanitary D i s t r i c t has 
recently required o n - s i t e detention of excess runoff from developments. 
The Sanitary D i s t r i c t has used i t s control of permits for sewer con­
nect ions to require these regulat ions . As a r e s u l t , compliance has come 
e a s i l y . These requirements are necessary but a l s o , admittedly, only 
brakes on the growth of flooding problems. They must be complemented 
with a program to so lve the e x i s t i n g problems. 
Currently, the Sanitary D i s t r i c t est imates the remedy for the flood 
ing problems in the separate sewered and unsewered area within the ir j u r i s 
d ic t ion to be in the 200 to 300 mi l l ion dol lar range. A master planning 
e f for t i s now underway to prepare a plan which w i l l def ine these needs. 
This plan, ca l led the Chicago Metropolitan Area River Basin Plan, i s 
being undertaken through a cooperative agreement between the Sanitary 
D i s t r i c t and the So i l Conservation Service . The Sanitary D i s t r i c t has 
provided a major part of the early funding in order to get the So i l 
Conservation Service on the job immediately rather than to wait for f u l ­
l e r Federal Budgeting. The Sanitary D i s t r i c t est imates that planning 
should be completed by 1976. 
Under th i s work, the t o t a l 1200 square mile area i s divided into 
s i x watersheds draining the Metropolitan area. These watersheds include 
North Branch of the Chicago River, L i t t l e Calumet River, Calumet-Sag Chan­
n e l , Poplar Creek, Salt Creek, and DesPlaines River. They are the water­
sheds in Cook County and the watersheds with streams flowing into Cook 
234 
County. The study w i l l determine the water and related land resource 
problems, needs, and purpose, and evaluate so lut ions and a l t e r n a t i v e s 
to problems associated with watershed protect ion , flood damage reduction, 
urban water management, f i sh and w i l d l i f e , recreat ion , water qua l i ty , 
environmental enhancement and other re lated purposes. In addi t ion , the 
extent to which act ion i s needed beyond the scope of ava i lab le going 
programs w i l l be determined. 
The planning procedures and methods used by the So i l Conservation 
Service are somewhat unique. The prime input in the planning are the 
problems and needs expressed by Steering Committees (composed of l o c a l 
governments, i n t e r e s t groups, and c i t i z e n s ) . These Committees are not 
used pass ive ly . Rather the s i t u a t i o n i s reversed and the Committees are 
asked to take a lead ro le wherein they define problems, needs, planning 
c r i t e r i a , planning p r i o r i t i e s ; a s s i s t in defining a l t ernat ive s and review 
the a l t ernat ives to s e l e c t a f ina l plan. 
The work performed by the So i l Conservation Service can best be 
described as technical a s s i s t a n c e . They advise the Committees on engi ­
neering problems, make the necessary inves t iga t ions and analyses , deter­
mine the economics, prepare the technical aspects of the environmental 
impact statement, and write and publish the reports , maps, e t c . , neces­
sary to define the f ina l plans . The Soi l Conservation Service a l so pro­
vides the l i a i s o n and coordination with other technical agencies so that 
proper consideration and inc lus ion i s taken of other programs, technical 
information and s t u d i e s . 
One plan has been completed under th i s study which g ives some i n ­
s ight into the kind of information that can be expected from th i s study. 
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This plan, the Upper Salt Greek Watershed Work Plan, covers a 33,280 acre 
area primarily in Cook County, with small areas in Lake and DuPage 
Counties, I l l i n o i s . The study reveals that approximately 1,940 acres 
within th i s watershed are presently subject to f looding. In addit ion to 
t h i s large area being a f fec ted , there are 1,200 residences within the 
flood plain that are affected by f lood waters. S i x t y - f i v e percent of 
these residences experience some flooding within the basement or the 
lower l e v e l of the structures caused by submerged storm sewer discharge 
points and floodwater entrance into the sanitary sewer system through 
flooded s t r e e t manholes. 
An estimated th ir ty percent of these residences are subject to 
the d irect entrance of surface floodwaters into lower l e v e l garages, 
basements, and subground l i v i n g areas. F ina l ly , an estimated f ive per­
cent of the flood p la in homes are presently vulnerable to f looding by 
inundation of the frame portions of the s tructure . 
In addit ion to the r e s i d e n t i a l damages, flooding occurs on parking 
areas , playgrounds, highways and s t r e e t s , e t c . , which poses public i n ­
convenience, neighborhood*degradation, and a lowering in the qual i ty of 
l i f e . 1 
Developed areas occupy 54.8 percent of the watershed area. Res i ­
dent ia l areas occupy more than half of the t o t a l developed area and vary 
great ly as to cost and dens i ty . With the exception of one large fores t 
preserve, most lands in the flood p la in are pr ivate ly owned. There are 
publ ic ly owned flood pla ins in Elk Grove Vi l lage and Roll ing Meadows 
which include school and church playgrounds and parking areas , parks, 
and other public recreat ion f a c i l i t i e s . 
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Projected future flood plain buildup w i l l resu l t in increased 
average annual damages. The following summarizes present and projected 
floodwater damages. 
AVERAGE ANNUAL FLOOD DAMAGES 
IN SALT CREEK WATERSHED (3) 
Dollars 
Present Buildup Future Buildup Total 
Items 
Direct damage 
Resident ial 304,600 269,200 573,800 
Commercial 300 98,200 98,500 
Other urban 1,500 1,500 
Indirect damage 106,200 73,500 179,700 
Total Damages 412,600 440,900 853,500 
In Order to control the flooding within th i s watershed, the plan­
ned measures cons i s t of f ive floodwater retarding s t ruc tures , one mul t ip le -
purpose (flood prevention - recreation) preserve, approximately 1.8 miles 
of channel improvement, and a land treatment program for at l e a s t half of 
the watershed. Costs for these measures are estimated to t o t a l $24,500,000. 
In addition l o c a l landowners, groups, and v i l l a g e s w i l l i n s t a l l and main­
tain land treatment measures in accordance with the ir agreements with the 
l o c a l So i l and Water Conservation D i s t r i c t . 
The people of Upper Salt Creek Watershed recognized the need for a 
comprehensive approach to the so lut ion of watershed problems. The spon­
soring l o c a l organizations and the So i l Conservation Service agreed to 
the following s p e c i f i c ob jec t i ve s : 
1. Reduce erosion and increase r a i n f a l l i n f i l t r a t i o n by e s t a b l i s h ­
ing land treatment measures Which contribute d i r e c t l y to 
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watershed protect ion and flood prevention. 
2. Attain a reduction of 85 to 90 percent in average annual f lood-
water damages in urban areas with consideration given to the 
100-year frequency storm. 
3 . Include recreat ion water in one of the structures and i n ­
crease maximum design capacity of associated recreat ional 
f a c i l i t i e s for public use which would include a wide range 
of recreat ional a c t i v i t i e s because of the tremendous pressure 
from the metropolitan area. 
4. Include water resource improvement for recreat ion and/or 
w i l d l i f e in a l l su i tab le areas in order to improve the l o c a l 
environment and make the watershed a more a e s t h e t i c a l l y 
desirable place in which to l i v e . 
Although planning inves t iga t ions indicated several a l t ernat ive 
so lut ions to the flooding problems, i t was agreed that flood water 
storage was the most acceptable means of reducing these damages. I t 
was a l so agreed that undeveloped flood pla in areas should be allowed 
to develop only as defined in the Plan. I t was recognized that channel 
improvement might be needed to provide the desired protect ion in se lec ted 
areas. 
State Part ic ipat ion in Flood Control 
In addition to the above, the Sanitary D i s t r i c t has been very 
ac t ive in trying to get the State of I l l i n o i s to enact and enforce some 
s t a t e regulat ions pertaining to flood control . Quoting from the Recom­
mended Resolution for Regulation and Control of Storm Drainage which Af­
fec t s Separate Sewered and Unsewered Areas of the Metropolitan Sanitary 
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D i s t r i c t of Greater Chicago: 
Therefore be i t resolved, that the President of the Metro­
pol i tan Sanitary D i s t r i c t of Greater Chicago hereby pe­
t i t i o n s the Governor of the State of I l l i n o i s to d irec t 
the appropriate department of the State of I l l i n o i s to : 
(1) Establ ish a flood control program for the 
State of I l l i n o i s based on the pr inc ip le 
of retaining storm water runoff at or near 
i t s source, and 
(2.) Regulate and control storm flows which pass 
from one county to another within the State 
I l l i n o i s by e s tab l i sh ing maximum flows at 
the county l i n e s ; and 
Be i t resolved, that the Metropolitan Sanitary D i s t r i c t 
request the State of I l l i n o i s through i t s Department of 
Public Works and Buildings to regulate and control storm 
water runoff from a l l improvements in the drainage basin 
including federal , s t a t e and l o c a l road improvements, by 
requiring that a l l permits issued by the Department of 
Public Works and Buildings for drainage improvements 
including the mandatory requirement that permittees con­
s truct and maintain storm retent ion f a c i l i t i e s capable 
of s tor ing runoff from the storm of record. 
In addit ion the Sanitary D i s t r i c t has requested the Governor of 
the State of I l l i n o i s to d irect the appropriate departments of the State 
government to i n i t i a t e i n t e r - s t a t e agreements for the regulat ion and con­
tro l of storm flows entering the State of I l l i n o i s . 
The State has passed a flood pla in act to regulate construction 
in flood pla ins v ia a permit system but th i s act has had l i t t l e or no 
enforcement. The Sanitary D i s t r i c t i s ant ic ipat ing that the State w i l l 
play a greater ro le in flood control in the future but at present the ir 
part i c ipat ion i s l imi ted . 
Blue Ribbon Sub-Committee on Flood Control 
In a further e f for t to e s t a b l i s h some p o l i c i e s and guidel ines with 
regard to flood control , the Sanitary D i s t r i c t part ic ipated in a "blue 
ribbon committee" concerned with flood control problems. This committee 
was made up of representat ives from the Sanitary D i s t r i c t , consult ing 
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firms, contractors , developers, public works personnel, and in teres ted 
c i t i z e n s . Following are some statements issued by th i s committee re ­
garding flood control in the Chicago Metropolitan Area. 
The region-wide or basin-wide flooding problems within 
the Chicago Metropolitan Area resu l t from a number of causes , 
for example, unrestr icted flow from upstream areas outside of 
the j u r i s d i c t i o n of the Metropolitan Sanitary D i s t r i c t , im­
properly maintained streams, increased runoff from road sewers 
and drainage d i t c h e s , culvert and bridge openings which re ­
s t r i c t the storm water flow r a t e s , as wel l as o thers , a l l 
cause f looding. The so lut ion to these basin-wide and region-
wide flooding problems cannot be accomplished through the 
sewer permit ordinance, but must be performed by the responsi-
b i l e governmental bodies . On the other hand, the Sewer Permit 
Ordinance (which w i l l be discussed in the next sec t ion of th i s 
report) can be used to exert pressure on l o c a l governments and 
developers to j o i n t l y part ic ipate in providing detention 
storage to reduce the excess ive runoff during heavy storm 
periods from the headwater areas. 
I t i s not the intent of the Sub-Committee that numerous 
small puddles and ponds be constructed throughout the Metro­
pol i tan Area. Such scattered ponds may create nuisance and 
poss ib le health hazard and f a i l to provide flood protect ion 
i f not adequately maintained. Rather, the purpose of the 
recommended amendment to the Sewer Permit Ordinance i s to 
encourage the development of wel l maintained landscaped lakes 
to act j o i n t l y as detention reservoirs and recreat ion fa ­
c i l i t i e s or a e s t h e t i c focal points in new v i l l a g e parks, 
e i ther in incorporated or unincorporated areas , forest pre­
serve areas , county parks, housing developments, shopping 
centers , and industr ia l parks. Also, considerable storage 
of storm water can be provided at i t s source without undue 
nuisance i f properly engineered; for example, detention on 
f l a t roofs , parking l o t s , gu t t er s , yards, underground 
storage, e t c . 
The Sub-Committee be l i eves that the Federal, S ta te , County, 
Metropolitan Sanitary D i s t r i c t and other l o c a l agencies , should 
work together to provide overa l l planning, scheduling and fund­
ing for the large drainage basin pro jec t s . 
To summarize, the Blue Ribbon Sub-Committee recommends a 
three fold attack on the drainage problems in t h i s region: 
1. The establishment of a "Flood Control Coordinating Commit­
tee" which would se t r e s p o n s i b i l i t y , provide budgeting and 
se t po l icy on flood control improvements on a region-wide 
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b a s i s . 
2. In l i e u of the above the area can obtain the needed sewer 
2. Continue to e s tab l i sh the Basin Steering Committees to 
develop the planning of flood control f a c i l i t i e s on a 
basin-wide b a s i s . 
3 . Passage of the proposed amendment to the Sewer Permit 
Ordinance which would control the excess ive runoff from 
the headwater areas. (This amendment has been passed 
and made part of the Sewer Permit Ordinance.) 
Metropolitan Sanitary D i s t r i c t Ordinance and Regulations 
The Sanitary D i s t r i c t has issued a sewer permit ordinance, guide­
l i n e s for flood damage prevention ordinance and a manual of procedures 
for the administration of the sewer permit ordinance. Although the State 
of I l l i n o i s has not given the Sanitary D i s t r i c t any s p e c i f i c powers to 
enforce flood and drainage ordinances, the Sanitary D i s t r i c t has used i t s 
powers in the area of sewage c o l l e c t i o n and disposal to encourage com­
pl iance with the ir guidel ines for flood damage prevention. Most of the 
l o c a l munic ipa l i t i es want to use the Sanitary D i s t r i c t ' s sewage disposal 
system in l i e u of creating the ir own system and thus they have complied 
with the Sanitary D i s t r i c t ' s request . Following i s a br ie f d iscuss ion 
of the areas covered in these documents. 
Sewer Permit Ordinance 
This ordinance covers the fol lowing: 
1. Limits construction of sewers unless areas have drafted and 
adopted a storm water detention or flood control ordinance 
acceptable to the Sanitary D i s t r i c t , including a drainage 
plan and time schedule for i t s implementation approved by 
the Sanitary D i s t r i c t . 
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construction i f detention storage i s provided so that the ' 
runoff from proposed developments i s not greater than that 
from the s i t e s in a natural or undeveloped s t a t e . 
3. In addition to the above the Sanitary D i s t r i c t has proposed 
an amendment to th i s ordinance regulating f i l l i n g in flood 
plain areas . This amendment would require that compensatory 
flood plain storage be provided to compensate for any pro­
posed f i l l i n g in the flood p la in so that the f i l l i n g would not 
adversely a f f ec t the e f f i c i ency or capacity of the flood pla in 
area. ^ . 
The f i r s t two items l i s t e d above have been the "power" behind the 
Sanitary D i s t r i c t ' s flood control program. Since the l oca l communities 
are most anxious to obtain permits for construct ion, operation and mainte­
nance of sewerage systems designed to discharge d i r e c t l y or i nd i rec t l y 
into c o l l e c t i o n and treatment f a c i l i t i e s of the Sanitary D i s t r i c t , there 
have been no problems in get t ing these communities to abide by these 
provis ions . 
The Sanitary D i s t r i c t had hoped that communities would develop a 
drainage plan for the en t i re community but none have been completed at 
the time of th i s study. Several communities are working on drainage 
plans but i t has been eas i er for the communities to r e s t r i c t the runoff 
rate from developed areas than develop a comprehensive drainage plan. 
Manual of Procedures for the Administration of the Sewer Permit Ordinance 
Following are the major areas included in th i s manual: 
1, a l l construction within the flood p la in areas must conform to 
the requirements of the loca l flood p la in ordinance, 
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2. the flood crest e levat ion and the l i m i t s of the flood p la in 
area are based on the USGS maps, 
3. comprehensive basin-wide planning for flood control i s 
encouraged, 
4. deta i led regulat ions and design c r i t e r i a concerning storage 
and control led re lease of storm water runoff are given. 
The design c r i t e r i a given in th i s manual were arrived at by the 
Blue Ribbon Sub-Committee. This sub-committee was aided in i t s work by 
a technical s ta f f made up of personnel from the Sanitary D i s t r i c t . This 
technical s ta f f presented several recommendations and proposals of a 
technical nature, of which some were adopted and some were changed. 
There were a l so several compromises within the sub-committee. As an 
example some of the members of the sub-committee wanted a storm of two 
year frequency to be used for the ou t l e t design for o n - s i t e storage while 
others f e l t that a storm of f ive year frequency would be b e t t e r . As a 
compromise the sub-committee se l ec ted a storm of three year frequency. 
Thus the p o l i t i c a l process was ac t ive during the s e l e c t i o n of these 
design c r i t e r i a . 
Sanitary D i s t r i c t Suggested Guidelines for Flood Damage Prevention Ordi­
nance 
Al l proposed l o c a l ordinances must conform with the requirements 
given in these guidel ines for Sanitary D i s t r i c t approval. 
1. The flood hazard maps prepared by the USGS show the minimum 
e levat ions to be used for de l ineat ion of flood p la in areas . 
2 . Regulations are given concerning development within flood 
plain areas ( including regulat ions on sanitary sewers) . 
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3. These guidel ines discuss flood control provisions and f lood-
proof ing structures within flood plain areas. 
In addit ion, the Sanitary D i s t r i c t and the Northeastern I l l i n o i s 
Plain Commission have drafted suggested flood damage prevention ordinances 
which have been used as model ordinances by the l o c a l communities. These 
ordinances give deta i led regulat ions pertaining to flood -control includ­
ing a time schedule for implementation of an ordinance, establishment of 
a 100-year flood p l a i n , maintenance of drainage system, plans and s tudies 
required, requirements for f i l l i n g in flood p la in areas (compensatory 
s torage) , storage of materials in flood pla in areas , and storm water 
detention storage. 
Adopted Local Ordinances 
Although the Sanitary D i s t r i c t requires that each l o c a l community 
adopt a flood control ordinance, the l o c a l community e s tab l i shes i t s own 
engineering design c r i t e r i a . The one area in which there has been some 
disagreement among the l o c a l communities i s that of choosing a design 
storm for the design of drainage f a c i l i t i e s . Communities have se lec ted 
everything from a f ive to a twenty-five year design storm with most 
adopting e i ther a f i ve or ten year storm. From the r e s u l t s of interviews 
with l o c a l engineers and other people dealing with drainage problems, i t 
was concluded that there wasn't any d e f i n i t e rat ionale used when s e l e c t ­
ing the design storm. Personal preference, compromise, or adopting what 
some other nearby community was using played the major role in determin­
ing what design storm would be used. 
Since the Northeastern I l l i n o i s Planning Commission published i t s 
Suggested Flood Damage Prevention Ordinance in 1972, the l o c a l ordinances 
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wri t ten s ince that time have, by and large been carbon copies of t h i s sug­
gested ordinance. 
Hydrology and Detention Storage 
Within the j u r i s d i c t i o n of the Sanitary D i s t r i c t , the design of 
drainage f a c i l i t i e s i s l e f t up to the l o c a l communities. The Sanitary 
D i s t r i c t does check and approve these designs but the s e l e c t i o n of design 
methods i s a l oca l dec i s ion . When any new development i s proposed, the 
Sanitary D i s t r i c t requires a detention review study to determine whether 
detention storage i s required. In addit ion, when the Sanitary D i s t r i c t 
f e e l s that a proposed development might cause dra inage prob lems , a hydro-
l og i c and hydraulic study i s required. 
Hydraulic Studies 
The l o c a l communities use the rat ional method almost exc lus ive ly 
in designing the ir drainage systems. They a l so use the rat ional method 
for designing the required detention f a c i l i t i e s . The Sanitary D i s t r i c t 
has developed a procedure for determining allowable re lease rates and 
required flood storage for detention f a c i l i t i e s which i s used by the 
l oca l communities. This procedure uses rectangular hydrographs, of vary­
ing duration, which are routed through the proposed detention storage to 
determine what storm duration i s c r i t i c a l . This c r i t i c a l duration i s 
then used to ca lcu late the maximum storage needed for a certa in develop­
ment. The engineers with the Sanitary D i s t r i c t , who were interviewed as 
part of th i s study, f e l t that although they were introducing errors by 
assuming rectangular hydrographs, the rat ional method was not accurate 
enough to j u s t i f y a more sophis t icated approach. They a l so f e l t that 
the ir assumptions were on the conservative s i d e . 
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In developing th i s procedure, the Sanitary D i s t r i c t was looking 
for a procedure that would not be d i f f i c u l t for l oca l munic ipa l i t i e s and 
engineers to understand and use . Thus for ease of use and administration 
the Sanitary D i s t r i c t f e e l s their procedure i s adequate for the purpose 
intended. 
Restr ic t ions on Retention Storage 
There are several r e s t r i c t i o n s that the Sanitary D i s t r i c t has 
placed on the design of detention storage that are of some i n t e r e s t . In 
the design of the detention f a c i l i t i e s , storage must be provided for the 
increased runoff from the proposed development (using a 100-year design 
storm) and a bypass or o u t l e t must be designed to handle the remainder of 
the outflow from the development plus the runoff upstream, assuming the 
upstream area i s fu l l y developed according to the present zoning re ­
s t r i c t i o n s (using a three-year design storm). 
When i t i s determined that detention i s required, t h i s storage 
must be provided even i f there i s excess storage capacity ava i lab le in 
the natural drainage system. I t has been the experience of the Sanitary 
D i s t r i c t that in most cases the natural storage i s already being used by 
the storm runoff from e x i s t i n g developments. 
Although the Sanitary D i s t r i c t does not require detention on some 
small developments, they do keep records of who i s developing what areas . 
In th i s way i f a developer t r i e s to develop a large s i t e i n small develop­
ments to avoid the detention requirements, the Sanitary D i s t r i c t w i l l 
t o t a l a l l these small developments and require the developer to provide 
detention storage for the t o t a l development. 
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Flow Simulation Model 
The Sanitary D i s t r i c t has developed a flow simulation model for 
the Chicago Metropolitan Area ( 6 ) . To date, th i s model has only been 
used in terna l ly by the Sanitary D i s t r i c t to check the designs of large 
reservoirs and drainage f a c i l i t i e s associated with large developments. 
The model has not been used by the l oca l communities or consult ing eng i ­
neers in their or ig ina l des igns . 
The Sanitary D i s t r i c t ' s Model has been used primarily to simulate 
individual design storms and not to simulate frequency curves. The 
Sanitary D i s t r i c t has used the model to check some of the work that Hydro-
comp, Inc. did on the North Branch of the Chicago River, with good cor­
re la t ion between the r e s u l t s obtained by Hydrocomp and the Chicago Model. 
In addition the D i s t r i c t has checked the model against empirical data 
from individual storms with good r e s u l t s . They have a l so run one year of 
simulation on a few small watersheds with good r e s u l t s . 
The D i s t r i c t plans to continue developing the ir model and hopes 
that i t w i l l play an even more ac t ive ro le in the design of drainage 
f a c i l i t i e s in the future. 
Additional Aspects of the Flood Control Program in the Chicago 
Metropolitan Area 
Following i s a l i s t of some addit ional aspects of the flood con­
t ro l program in the Chicago Metropolitan Area that were of some i n t e r e s t 
in th i s study. 
1. There are no erosion and sediment control ordinances in the 
Chicago Metropolitan Area but the So i l Conservation Service 
i s doing some work in th i s area. 
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2. Dumping in the flood plain is controlled by the State Environ­
mental Protection Agency where there is a possibility of a 
pollution problem. 
3. Some communities allow filling in the flood plain (about 20 
percent of the 125 communities) but most do not. Those com­
munities that do allow filling require that compensatory flood 
plain storage be provided for that which is lost as a result 
of the filling. 
4. The local communities maintain the drainage system within their 
jurisdiction while the Sanitary District maintains the rest of 
the system. The only exceptions are a few large planned unit 
developments where developers have agreed to maintain the 
drainage systems within the developments. The Sanitary 
District encourages developers to centralize their detention 
storage facilities for ease of maintenance. 
5. Preventive maintenance of the drainage system consists of 
cleaning debris from the system and alleviating small problems 
as they arise. There is no systematic checking of the drain­
age system. 
6. Detention facilities are used for flood control and recreation 
and are not used for ground water recharge because of the clay 
soil in the Chicago Metropolitan Area, Because of the flat 
topography in the area, most of these facilities are simply 
holes in the ground and thus structural considerations are 
not of great importance. 
7. The 100-year flood plain elevations have been established for 
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only about f ive percent of Cook County but the Sanitary 
D i s t r i c t hopes to e s t a b l i s h these e levat ions for the ent i re 
County. The 100-year flood pla in would then be used instead 
of the flood plain areas es tabl i shed by the USGS mapping 
program. 
8. The major loophole in the Sanitary D i s t r i c t ' s flood control 
program involves those developments that do not need sewer 
i n s t a l l a t i o n s . Highway construct ion, parking l o t s , e t c . , 
resu l t in large impervious areas which are b u i l t without 
detention storage. The l o c a l communities can control parking 
l o t s and other l oca l developments but only the State can con­
tro l the major highway construction and i t has thus far seen 
f i t not t o . 
Concluding Remarks 
In I l l i n o i s the individual communities and v i l l a g e s are p o l i t i c a l ­
ly very powerful and autonomous. I t has been very d i f f i c u l t to coordinate 
the flood control e f f o r t s of these communities into a cohesive flood con­
tro l program. Each community s e t s up many of i t s own r e s t r i c t i o n s and 
regulat ions and thus there are no common standards for a l l the communi­
t i e s to adhere t o . In addit ion many of the watersheds in Cook County 
overlap into adjacent counties where there are no agencies to coordinate 
the flood control e f f o r t s . 
If i t had not been for the influence the Sanitary D i s t r i c t has 
because Of i t s sanitary sewer program, i t would have been very d i f f i c u l t 
( i f not impossible) for them to have had any impact on storm water 
problems. 
249 
Considering these p o l i t i c a l and administrative barriers to the 
forming of a regional flood control program, the Sanitary D i s t r i c t has 
made great progress in coordinating the individual flood control e f f o r t s 
in Cook County. Through the ir sewer permit system they have i n i t i a t e d 
flood control ordinances for many of the l oca l communities. They have 
part ic ipated in the formulation of a model ordinance, simulation model, 
detention storage procedure, and several other procedures and regulat ions 
discussed in th i s case study. 
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APPENDIX D 
INGHAM COUNTY, MICHIGAN ^ 
I n g h a m C o u n t y i s o n e o f t h r e e c o u n t i e s i n t h e T r i - C o u n t y R e g i o n a l 
P l a n n i n g C o m m i s s i o n . T h i s C o m m i s s i o n , a n a d v i s o r y b o d y , w a s e s t a b l i s h e d 
o y a r e s o l u t i o n o f C l i n t o n , E a t o n , a n d I n g h a m c o u n t i e s i n 1 9 5 6 . I t 
s e r v e s • 7 8 g o v e r n m e n t a l u n i t s c o n t a i n i n g t h r e e c o u n t i e s , 4 8 t o w n s h i p s , 
1 0 c i t i e s , a n d 17 v i l l a g e s . I n t h e f o l l o w i n g p a g e s , s o m e g e n e r a l i n ­
f o r m a t i o n a b o u t t h e T r i - C o u n t y r e g i o n i s p r e s e n t e d f o l l o w e d b y a m o r e 
d e t a i l e d d i s c u s s i o n o f t h e d r a i n a g e p r o g r a m i n I n g h a m C o u n t y . 
G e n e r a l D e s c r i p t i o n o f t n e T r i - C o u n t y R e g i o n ( I ) 
T h e T r i - C o u n t y R e g i o n i s l o c a t e d i n t h e s o u t h e r n p a r t o f M i c h ­
i g a n ' s l o w e r p e n i n s u l a a p p r o x i m a t e l y e q u i d i s t a n t f r o m t h e t w o G r e a t 
L a k e s o f M i c h i g a n a n d H u r o n . T h i s r e g i o n , w i t h a 1 9 7 0 p o p u l a t i o n o f 
3 7 8 , 4 2 3 , i s c o m p o s e d o f a m i x t u r e o f d i v e r s e t y p e s o f c o m m u n i t i e s 
e m b o d i e d i n a t o t a l l a n d a r e a o f s o m e 1 7 0 0 s q u a r e m i l e s . T h e " h u b " 
o f t h e r e g i o n i s t h e L a n s i n g - E a s t L a n s i n g u r b a n i z e d o r m e t r o p o l i t a n 
a r e a . T h e t o w n s h i p s s u r r o u n d i n g L a n s i n g a n d E a s t L a n s i n g a r e u r b a n ­
i z i n g a t a r a p i d r a t e a n d i n s o m e c a s e s t h e r e h a s b e e n m o r e t h a n a o n e 
h u n d r e d p e r c e n t i n c r e a s e i n p o p u l a t i o n d u r i n g t h e p a s t d e c a d e . O u t s i d e 
t n e m e t r o p o l i t a n a r e a , t e n c i t i e s r a n g i n g i n s i z e f r o m 1 , 0 0 0 t o 9 , 0 0 0 
p e o p l e a r e s c a t t e r e d t h r o u g h t h e r e g i o n a t v a r y i n g d i s t a n c e s f r o m t h e 
" h u b " . I n a d d i t i o n , f i f t e e n r u r a l ' c o m m u n i t i e s d o t t h e r e g i o n . T h e s e . 
c i t i e s a n d v i l l a g e s a r e s e p a r a t e d f r o m the metropolitan a r e a b y c o m -
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p a r a b l y v a s t r u r a l a r e a s a n d , i n f a c t , a p p r o x i m a t e l y n i n e t y p e r c e n t o f 
t h e r e g i o n ' s l a n d a r e a i s r u r a l i n n a t u r e . 
T h e l a n d s u r f a c e o f t h e T r i - C o u n t y r e g i o n i s g e n e r a l l y f l a t o r 
g e n t l y r o l l i n g , a t y p i c a l t o p o g r a p h i c c h a r a c t e r i s t i c o f t h e s o u t h e r n 
p a r t o f t n e l o w e r p e n i n s u l a o f M i c h i g a n . T h e l a n d s u r f a c e o f t h i s 
r e g i o n s l o p e s g e n t l y t o t h e n o r t h a n d w e s t . H i l l s i n t h e s o u t h e r n p a r t 
o f I n g t i a m C o u n t y a r e t h e h i g h e s t a r e a s i n t h e T r i - C o u n t y r e g i o n . T h e 
l o w e s t a r e a s a r e a l o n g t h e M a p l e R i v e r i n n o r t h w e s t C l i n t o n C o u n t y . 
River Basins 
T h e r e a r e t h r e e m a j o r r i v e r b a s i n s i n t h e T r i - C o u n t y r e g i o n ; 
t h e G r a n d , K a l a m a z o o , a n d H u r o n ( F i g u r e D - l ) . T h e m a j o r i t y o f t h e 
l a n d a r e a i n t h e r e g i o n i s i n t h e u p p e r p a r t o f t h e G r a n d R i v e r B a s i n 
a n d i s d r a i n e d b y t h e G r a n d R i v e r a n d i t s t r i b u t a r i e s w h i c h a r e t h e 
M a p l e , L o o k i n g g l a s s , a n d T h o r n a p p l e r i v e r s . T h e t o t a l d r a i n a g e a r e a 
o f t h e G r a n d R i v e r B a s i n i n t h e r e g i o n i s a b o u t 1 , 5 5 7 s q u a r e m i l e s . 
An a r e a o f a p p r o x i m a t e l y t h i r t e e n s q u a r e m i l e s i n t h e s o u t h e a s t e r n 
p a r t o f I n g h a m C o u n t y d r a i n s s o u t h e a s t t o t h e H u r o n R i v e r , a n d i n t h e 
s o u t h w e s t e r n p a r t q f E a t o n C o u n t y , a b o u t 1 3 2 s q u a r e m i l e s , d r a i n s s o u t h ­
w e s t t o t h e K a l a m a z o o R i v e r . 
M i c h i g a n C o u n t y D r a i n C o m m i s s i o n e r ( 2 ) 
B e c a u s e o f t h e u n i q u e g o v e r n m e n t a l s e t u p i n M i c h i g a n , i t i s 
n e c e s s a r y t o b r i e f l y d i s c u s s t h e f u n c t i o n s o f t h e C o u n t y D r a i n C o m m i s ­
s i o n e r a n d h o w t h e s e f u n c t i o n s r e l a t e t o t h e C o u n t y ' s D r a i n a g e P r o g r a m . 
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Figure D-l . Ingham County, Michigan - Major Drainage Basins 
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a n d w a s a d m i n i s t e r e d b y t h r e e c o m m i s s i o n e r s . I n 1 8 7 1 , t h e l a w w a s c h a n g e d 
r e d u c i n g t h e n u m b e r o f c o m m i s s i o n e r s t o o n e . C o u n t y D r a i n C o m m i s s i o n e r s 
a r e n o w a c t i n g u n d e r A c t 4 0 , o f t h e P u b l i c A c t s o f 1 9 5 6 , a s a m e n d e d , 
w h i c h p r o v i d e s t h a t t h e D r a i n C o m m i s s i o n e r s h a l l b e e l e c t e d a t t h e r e g ­
u l a r g e n e r a l e l e c t i o n h e l d o n t h e T u e d s a y s u c c e e d i n g t h e f i r s t M o n d a y 
i n N o v e m b e r , e v e r y f o u r y e a r s . 
T h e D r a i n C o m m i s s i o n e r h a s j u r i s d i c t i o n o v e r a l l d r a i n s w i t h i n 
h i s C o u n t y , i n c l u d i n g t h o s e e s t a b l i s h e d a n d t h o s e i n t h e p r o c e s s o f 
c o n s t r u c t i o n . U n d e r t h e A c t o f 1 9 5 6 , t h e w o r d " d r a i n " i n c l u d e s : 
a n y creek or river, a n y w a t e r c o u r s e o r d i t c h , e i t h e r o p e n o r c l o s e d , 
a n y c o v e r e d d r a i n , a n y s a n i t a r y o r a n y c o m b i n e d s a n i t a r y a n d s t o r m 
s e w e r o r c o n d u i t c o m p o s e d o f t i l e , b r i c k , c o n c r e t e o r o t h e r m a t e r i a l , 
a n y s t r u c t u r e s o r m e c h a n i c a l d e v i c e s t h a t w i l l p r o p e r l y p u r i f y t h e 
f l o w o f s u c h d r a i n s a n d a n y l e v e e , d i k e , b a r r i e r , o r a c o m b i n a t i o n 
o f a n y o r a l l o f s a m e c o n s t r u c t e d f o r t h e p u r p o s e o f d r a i n a g e o r 
f o r t h e p u r i f i c a t i o n o f t h e f l o w o f s u c h d r a i n . 
Many o f t h e d r a i n a g e b a s i n s i n M i c h i g a n a r e c o n t a i n e d W i t h i n 
s e v e r a l d i f f e r e n t c o u n t i e s . I n o r d e r t o e f f e c t i v e l y d e a l w i t h t h e 
d r a i n a g e p r o b l e m s w i t h i n t h e s e o v e r l a p p i n g b a s i n s , t h e r e i s a d r a i n a g e 
c o m m i t t e e f o r e a c h d r a i n a g e b a s i n . A c o m m i t t e e i s c o m p o s e d o f t h e 
D r a i n C o m m i s s i o n e r s f r o m a l l c o u n t i e s t h a t h a v e l a n d a r e a W i t h i n t h e 
b a s i n p l u s o n e r e p r e s e n t a t i v e f r o m t h e D e p a r t m e n t o f A g r i c u l t u r e . 
T h e s e c o m m i t t e e s h a v e t h e a u t h o r i t y t o d e a l w i t h d r a i n a g e p r o b l e m s o n 
a b a s i n b a s i s r a t h e r t h a n b e i n g c o n s t r i c t e d b y e x i s t i n g p o l i t i c a l 
b o u n d a r i e s . ., 
T h e d u t i e s o f t h e C o u n t y D r a i n C o m m i s s i o n e r a r e : f i r s t , t o 
a d m i n i s t e r t h e p r o c e e d i n g s n e c e s s a r y t o a n d r e s u l t i n g i n t h e c o n s t r u c ­
t i o n o f n e w d r a i n s ; a n d , s e c o n d , t o s u p e r v i s e t h e m a i n t e n a n c e o f p r e ­
v i o u s l y c o n s t r u c t e d d r a i n s . 
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Except for maintenance, all drain work is initiated by the people 
of the specific area to be drained, by petition; or petition by resolu­
tion of one or more cities, villages and townships. Such petitions 
may be signed solely by a city, village or township when duly authorized 
by its goveening body or by any combination of such municipalities. 
The Drain Commissioner has no power to act otherwise. 
As an example of the vast drainage system that is under the 
jurisdiction of the Drain Commissioner in Ingham County, there are 
approximately 780 established County drains. These total in excess of 
572 miles with about 372 miles of open drains and 200 miles of tile or 
pipe-enclosed drains. There are also approximately 70 drains built by 
private developers to be taken into the County system and established 
as County drains for maintenance. Following is a brief outline of some 
of the functions that the Drain Commissioner has with regard to this 
vast system of drains. 
1. The Drain Commissioner may make an annual inspection of all 
drains under his jurisdiction and may expend an amount not 
to exceed $500 per mile or fraction thereof, or one percent 
of the original cost of the drain, for maintenance and repair 
of any drain unless petitioned by emergency resolution for 
such repair by the governing body of the municipality Within 
which the drainage district exists. 
2. The Drain Commissioner must submit a report to the County 
Board of Commissioners at its annual meeting in October, 
consisting of a financial statement of each drainage district 
and a report on all activities of his office during the 
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preced ing y e a r . 
The Drain Commissioner does no t have any p e r s o n n e l on h i s s t a f f 
3. The Drain Commissioner p r o c e s s e s a l l compla in t s from p r o p e r t y 
owners , i s s u e s permit s f o r taps and r e l o c a t i o n s of d r a i n s , 
and s e e s t h a t c o r r e c t boundar ies for a l l dra inage d i s t r i c t s 
are m a i n t a i n e d . 
4 . The Drain Commissioner a s s i s t s property owners w i t h dra inage 
problems. 
5. The Drain Commissioner i s r e s p o n s i b l e for the a c q u i s i t i o n 
of r i g h t s - o f - w a y for the c o n s t r u c t i o n of d r a i n s . 
I t i s the g e n e r a l p o l i c y i n Ingham County t h a t a l l e n g i n e e r i n g 
be performed by c o n s u l t i n g e n g i n e e r s . C o n s u l t i n g e n g i n e e r s are engaged 
for the d e s i g n and p r e p a r a t i o n of p l a n s and s p e c i f i c a t i o n s ; however, 
the Drain Commissioner approves a l l p l a n s , and a c l o s e l i a i s o n i s main­
t a i n e d for purposes of p e r m i t s , c o m p l a i n t s , and payments throughout the 
d u r a t i o n of each p r o j e c t . 
Ingham County Drainage Program 
Fo l lowing i s a b r i e f d i s c u s s i o n Of the more important a s p e c t s 
of the Ingham County Drainage Program. 
Ingham County Drain Commiss ioner's S t a f f 
The Drain Commiss ioner's s t a f f c o n s i s t s of the f o l l o w i n g p e r s o n ­
n e l : 
Chief Deputy Drain Commissioner 
Deputy Drain Commissioner 
Research A s s i s t a n t 
I n s p e c t o r s ( t h r e e ) 
S e c r e t a r i e s (two) 
Clerk 
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with t r a i n i n g i n the areas of e n g i n e e r i n g , h y d r o l o g y , or p l a n n i n g . 
S e v e r a l of the employees do have two year c o l l e g e d e g r e e s and are c u r ­
r e n t l y working on four year degrees but t h e s e are i n the l i b e r a l a r t s 
a r e a . I t i s p r e s e n t l y , and has been , the o b j e c t i v e of the Drain Com­
m i s s i o n e r t o o b t a i n the e x p e r t i s e he needs i n the d i f f e r e n t a r e a s of 
d r a i n a g e , from l o c a l p r i v a t e c o n s u l t a n t s i n e n g i n e e r i n g , p lann ing and 
law. Thus, r a t h e r than do most of the t e c h n i c a l rev iew "in house" , the 
Commissioner c o n t r a c t s w i t h 13 e n g i n e e r i n g f i r m s , 7 law f irms and numer­
ous o ther s p e c i a l c o n s u l t a n t s to do t h i s work. The Commissioner f e e l s 
t h a t this stimulates private enterprise in the area and is a better 
and more e f f i c i e n t approach than b u i l d i n g a governmental bureaucracy 
to handle the work. These c o n s u l t i n g f irms work on both County p r o j e c t s 
and p r i v a t e p r o j e c t s w i t h i n the County. 
Commissioner's Ph i losophy on Drainage F a c i l i t i e s 
The Commissioner e x p r e s s e d h i s ph i lo sophy on dra inage f a c i l i t i e s 
as f o l l o w s : 
1 . use p i p e s and c l o s e d c o n d u i t s i n h e a v i l y b u i l t - u p a r e a s , 
2 . use gras sed and n a t u r a l channe l s i n o t h e r a r e a s . 
I t i s the o b j e c t i v e of the County to keep the dra inage sys tem as n a t u r a l 
and a e s t h e t i c a l l y p l e a s i n g as p o s s i b l e w i t h no use of c o n c r e t e c h a n n e l ­
i z a t i o n . The County a l s o emphasizes the use of any e x i s t i n g channel 
c a p a c i t y for f l o o d f lows b e f o r e u s i n g o n - s i t e s t o r a g e or o t h e r s t r u c ­
t u r a l measures . 
Goals of the Drainage Program 
Fo l lowing i s a l i s t of g o a l s t h a t the Commissioner s t a t e d were 
par t of the County Drainage Program: 
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1. f l o o d p l a i n m a n a g e m e n t , 
2. s o i l e r o s i o n and s e d i m e n t a t i o n c o n t r o l p o l i c i e s and p r o c e d u r e s , 
3 . i d e n t i f i c a t i o n o f a q u i f e r s and g r o u n d w a t e r r e c h a r g i n g , 
4. f l o o d c o n t r o l and p r o t e c t i o n . 
D r a i n a g e R u l e s and R e g u l a t i o n s 
The e x i s t i n g r u l e s and r e g u l a t i o n s i n Ingham County w e r e w r i t t e n 
by t h e D r a i n C o m m i s s i o n e r i n c o n s u l t a t i o n w i t h o t h e r M i c h i g a n Commis­
s i o n e r s , l o c a l e n g i n e e r s , p l a n n e r s and l a w y e r s . T h e s e r e g u l a t i o n s a r e 
c o n t a i n e d i n a r e p o r t e n t i t l e d , " R u l e s f o r I n t e r n a l & E x t e r n a l D r a i n a g e 
f o r S u b d i v i s i o n s . " T h i s r e p o r t c o n t a i n s r e g u l a t i o n s c o v e r i n g t h e f o l ­
l o w i n g : 
1. c o n s t r u c t i o n and d e s i g n s t a n d a r d s f o r p r o p o s e d d r a i n s , 
2. c o n s t r u c t i o n and d e s i g n s t a n d a r d s f o r i m p r o v e m e n t o f d r a i n s , 
3 . b o n d i n g p r o c e d u r e s , 
4. p l a n s and p l a t s r e q u i r e d , 
5 . e s t a b l i s h i n g r i g h t - o f - w a y s , 
t. e r o s i o n and s e d i m e n t c o n t r o l , 
7. i n s p e c t i o n p r o c e d u r e s , 
8. m a i n t e n a n c e . 
I n a d d i t i o n , t h e Ingham County D r a i n C o m m i s s i o n e r h a s d r a f t e d 
a f l o o d p l a i n o r d i n a n c e ( t h i s o r d i n a n c e had n o t b e e n o f f i c i a l l y a d o p t e d 
when t h i s c a s e s t u d y was done b u t t h e D r a i n C o m m i s s i o n e r had a n t i c i p a t e d 
i t s a d o p t i o n i n t h e n e a r f u t u r e ) . T h i s o r d i n a n c e , u n l i k e t h e o t h e r 
o r d i n a n c e s s t u d i e d , makes a d i s t i n c t i o n b e t w e e n a f l o o d w a y and a f l o o d 
f r i n g e . A f l o o d w a y i s d e f i n e d a s f o l l o w s : 
The c h a n n e l o f a s t r e a m and t h o s e p o r t i o n s o f t h e f l o o d p l a i n a d j o i n -
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ing the channel that are required to carry and discharge the flood 
water or flood flows or any river or stream including but not l imited 
to flood flows associated with the intermediate regional f lood. 
A flood fringe i s defined as , "that portion of the flood p la in outs ide 
the floodway." 
The ordinance goes into a considerable amount of d e t a i l as to 
what uses are permitted within the floodway and flood fringe d i s t r i c t s . 
Uses which have a low flood damage potent ia l and do not obstruct flood 
flows are permitted within the floodway. Some examples would be a g r i ­
cul tural uses , recreat ional areas such as golf courses, parking areas, 
residential lawns and gardens, etc. Some uses which require s tructures , 
f i l l , storage of materials or equipment, may be permitted within the 
floodway with the issuance of a spec ia l exception. Some examples of 
these would be c i rcuse s , dr ive - in theaters , marinas, ra i l roads , s t a b l e s , 
e t c . 
The ordinance does s t a t e that no structure (temporary or perma­
nent ) , f i l l ( including f i l l for roads and l e v e e s ) , depos i t , obstruct ion, 
storage of materials or equipment, or other use may be allowed which, 
acting alone or in combination with e x i s t i n g or future uses , unduly 
a f f ec t s the capacity of the floodway or unduly increases flood he ight s . 
In addit ion, th i s ordinance has provis ions regulating the fol lowing: 
1. f i l l i n g in flood pla in areas , 
2. erosion and sediment control in flood plain areas , 
3 . s p e c i f i c c r i t e r i a to be used in locat ing structures in flood 
plain areas ( e . g . , not to use structures for human habi tat ion , 
firmly anchor structures to prevent f l o t a t i o n , regulat ions 
for u t i l i t y i n s t a l l a t i o n , e t c . ) , 
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A. s t o r a g e o r p r o c e s s i n g o f m a t e r i a l s i n f l o o d plain a r e a s . 
D r a i n a g e P l a n s 
The D r a i n Commiss ioner does r e q u i r e a d r a i n a g e p l a n and h y d r o l o g i c 
s t u d y f o r each d e v e l o p m e n t . The p l a n s a r e r e v i e w e d by t he Commiss ioner 
b u t t he h y d r o l o g i c s t u d y i s n o t , u n l e s s f o r some r e a s o n t h e Commiss ioner 
deems i t n e c e s s a r y . The r a t i o n a l method i s now used a s t h e b a s i s f o r 
t he h y d r o l o g i c s t u d i e s . The 1 0 - y e a r one hour s to rm i s used a s t h e d e s i g n 
s to rm f o r a l l d r a i n a g e f a c i l i t i e s w i t h t h e 100 -yea r s to rm used i n c a l ­
c u l a t i n g the l i m i t s o f the f l o o d p l a i n . The d r a i n a g e p l a n s a l s o i n c l u d e 
p roposed s o i l erosion and sedimentation c o n t r o l m e a s u r e s . I t ha s been 
t he p o l i c y o f t h e D r a i n Commiss ioner t h a t i n s p e c t o r s from t h e Commis­
s i o n e r ' s o f f i c e be u sed t o i n s p e c t p r i v a t e d e v e l o p m e n t p r o j e c t s t o be 
s u r e t h e d r a i n a g e p l a n s a r e imp lemen ted . 
O n - S i t e S t o r a g e 
A c c o r d i n g t o t h e D r a i n Commiss ioner t h e r e a r e s e v e r a l p u r p o s e s 
f o r t he u s e of o n - s i t e s t o r a g e : 
1 . a e s t h e t i c , 
2. f l o o d c o n t r o l , and 
3. ground w a t e r r e c h a r g i n g . 
I t was s t a t e d by t h e D r a i n Commiss ioner t h a t t h e ground w a t e r s u p p l y 
w i t h i n M i c h i g a n i s c o n t i n u a l l y b e i n g d e p l e t e d ( a t a p p r o x i m a t e l y one 
f o o t pe r y e a r ) and t h a t o n - s i t e s t o r a g e was one means o f r e c h a r g i n g t h i s 
s u p p l y . 
Ingham County h a s not , i n c l u d e d o n - s i t e s t o r a g e w i t h i n i t s r u l e s 
and r e g u l a t i o n s a s t h e s o l u t i o n t o a l l d r a i n a g e p rob lems b u t i n s t e a d 
s t u d i e s e a c h deve lopmen t on a c a s e - b y - c a s e b a s i s and o n l y r e q u i r e s 
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s t o r a g e when i t proves to be the b e s t s o l u t i o n to the problem a t hand. 
When o n - s i t e s t o r a g e i s u sed , the f o l l o w i n g d e s i g n c r i t e r i a are used 
for a l l dra inage a r e a s : 
1 . The s i z e of the r e t e n t i o n b a s i n must be l a r g e enough to 
c o n t a i n the 25 -year one-hour storm e x c e s s ( i n f l o w minus 
a l l o w a b l e out f low) c a l c u l a t e d u s i n g f u l l y deve loped c o n ­
d i t i o n s . 
2 . The d e s i g n f o r the o u t l e t of the b a s i n i s based on a two-
year t h i r t y - m i n u t e s torm. 
3. The design of the retention basins that have been constructed 
w i t h i n Ingham County has been based on the SCS Hydrograph 
A n a l y s i s Method. 
4. The d e s i g n f o r the s t r u c t u r a l adequacy of the r e t e n t i o n b a s i n s 
and the over f low s p i l l w a y s are based on the 100-year s torm. 
These d e s i g n c r i t e r i a were a r r i v e d a t by the Drain Commissioner 
i n c o n s u l t a t i o n w i t h l o c a l e n g i n e e r i n g c o n s u l t i n g f i r m s . I t i s the 
o p i n i o n of the Drain Commissioner t h a t r e t e n t i o n b a s i n s based on any 
l a r g e r storms would consume too much land and would be uneconomica l . 
M i s c e l l a n e o u s A s p e c t s of the County Drainage Program 
The s t r u c t u r a l adequacy of any proposed dra inage f a c i l i t y i s 
checked for the County by one of i t s c o n s u l t i n g e n g i n e e r s . A l l dams 
and b r i d g e s are des igned f o r the 100-year s torm. 
Michigan law p r o h i b i t s any f i l l i n g i n a d e s i g n a t e d f l o o d p l a i n 
w i t h o u t a permit from the Drain Commissioner. The law s t a t e s t h a t any 
proposed f i l l i n g cannot d e c r e a s e the s t o r a g e area of the f l o o d p l a i n 
so t h a t i t cannot c o n t a i n the 100-year s torm. 
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In o r d e r to c o n s t r u c t any u t i l i t i e s w i t h i n a f l o o d p l a i n , a p e r m i t 
i s r e q u i r e d from b o t h the S t a t e Department o f N a t u r a l R e s o u r c e s and t h e 
D r a i n Commiss ione r . In Ingham County a l l u t i l i t i e s must be p l a c e d a 
minimum o f f o u r f e e t b e l o w the i n v e r t o f t he s t r e a m . The D r a i n Commis­
s i o n e r r e p o r t e d t h a t the County has n o t e x p e r i e n c e d any p rob lems w i t h 
u t i l i t i e s b e i n g l o c a t e d w i t h i n the f l o o d p l a i n a r e a s and t h e y have 
numerous g a s , e l e c t r i c , t e l e p h o n e and o t h e r u t i l i t i e s l o c a t e d w i t h i n 
t h e s e a r e a s . 
The D r a i n Commiss ioner has two c r ews t h a t c o n t i n u a l l y m a i n t a i n 
the existing drainage system. These crews work in areas of t h e system 
t h a t a r e known t o have caused p rob lems and a l s o do some p r e v e n t i v e 
ma in t enance t o p r e v e n t f u t u r e p r o b l e m s . 
P rob lems w i t h Ingham C o u n t y ' s D r a i n a g e Program 
A c c o r d i n g t o t he Dra in C o m m i s s i o n e r , t he o n l y major p rob lem t h a t 
i s i m p a i r i n g Ingham C o u n t y ' s D r a i n a g e Program i s t h a t t he County Commis­
s i o n e r s a r e o n l y p a r t - t i m e e m p l o y e e s . The D r a i n Commiss ioner f e e l s 
t h a t the e x i s t i n g g o v e r n m e n t a l f u n c t i o n s a r e t o o l a r g e and numerous f o r 
p a r t - t i m e e m p l o y e e s . In a d d i t i o n t o t h i s , t h e r e a r e s e v e r a l improvements 
t h a t the D r a i n Commiss ioner would l i k e t o make i n t h e d r a i n a g e p rog ram. 
1. The re i s a need f o r an o r d i n a n c e t o s p e c i f i c a l l y d e a l w i t h 
s o i l e r o s i o n and s e d i m e n t a t i o n c o n t r o l . 
2. A b e t t e r s t r e a m and r a i n g a g e n e t w o r k w i t h i n the County i s 
n e e d e d . 
3. In o r d e r t o do an a d e q u a t e j o b o f i n s p e c t i o n , more County 
i n s p e c t o r s a r e n e e d e d . 
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H y d r o l o g i c S i m u l a t i o n Program (2) 
One f a c e t o f Ingham C o u n t y ' s D r a i n a g e Program w h i c h d i f f e r s from 
the programs of the o t h e r a r e a s i n c l u d e d i n t h i s r e s e a r c h , e x c e p t F a i r f a x 
C o u n t y , i s t he u s e o f a h y d r o l o g i c s i m u l a t i o n p rogram. A l t h o u g h t h i s 
program was n o t c o m p l e t e d a t t h e t ime t h i s s t u d y was c o n d u c t e d , i t s 
p r e p a r a t i o n was a l m o s t comple t ed and some o f t he a n t i c i p a t e d e f f e c t s 
can be d i s c u s s e d . 
Ingham County used f o u r major o b j e c t i v e s t o e v a l u a t e t he p o t e n t i a l 
o f u s i n g a h y d r o l o g i c s i m u l a t i o n p rogram. 
F i r s t , the County wanted a method which would be more a c c u r a t e 
than c u r r e n t h y d r o l o g i c methods used i n t h e C o u n t y . A t t h e p r e s e n t 
t ime the r a t i o n a l fo rmula i s used a s the b a s i s f o r most o f t h e h y d r o l o g i c 
s t u d i e s . 
S e c o n d , t he County was l o o k i n g f o r a method w h i c h c o u l d a n a l y z e 
t he e f f e c t s of f u r t h e r u r b a n i z a t i o n on t h e County d r a i n a g e s y s t e m . 
The t h i r d o b j e c t i v e was t o f i n d a method c a p a b l e o f c a l c u l a t i n g 
t he i n t e r r e l a t i o n s h i p s b e t w e e n d r a i n a g e s y s t e m s . For e x a m p l e , what 
e f f e c t does one s to rm d r a i n n e t w o r k have on t h e f l o o d i n g o f an a d j a c e n t 
n e t w o r k ? 
The f i n a l o b j e c t i v e was t o f i n d an e c o n o m i c a l l y e f f i c i e n t method , 
one w h i c h would no t l e a d t o d e s i g n s w h i c h a r e i n a d e q u a t e f o r a n t i c i p a t e d 
deve lopment and i n need o f r e p l a c e m e n t o r , c o n v e r s e l y , h i g h l y O v e r d e -
s i g n e d f o r a l l t i m e . 
With t h e a i d o f Sys t ems R e s e a r c h , I n c . , t he County s e l e c t e d t h e 
H y d r o l o g i c a l S i m u l a t i o n Program (HSP) o f Hydrocomp I n c . t o meet t h e s e 
o b j e c t i v e s . 
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HSP i s a g e n e r a l m a t h e m a t i c a l m o d e l o f t h e l a n d - p h a s e and c h a n n e l 
r o u t i n g o f t h e h y d r o l o g i c c y c l e . I t u s e s r a i n f a l l , pan e v a p o r a t i o n , 
t e m p e r a t u r e and o t h e r m e t e o r o l o g i c a l d a t a and c h a n n e l d a t a a s i n p u t s 
and c a l c u l a t e s s n o w - m e l t , i n f i l t r a t i o n , o v e r l a n d f l o w and o t h e r h y d r o l o g i c 
p r o c e s s e s i n v o l v e d i n r u n o f f s t o p r o v i d e a d e t a i l e d h y d r o g r a p h o f s t r e a m -
f l o w . O u t p u t s o f t h e m o d e l i n c l u d e mean d a i l y , h o u r l y , m o n t h l y and a n n u a l 
s t r e a m f l o w ; d a t a on snow p a c k and w a t e r c o n t e n t , s o i l m o i s t u r e s t o r a g e 
and a c t u a l e v a p o t r a n s p i r a t i o n . C o n t i n u o u s d e t a i l e d g r a p h i c a l o u t p u t on 
s e l e c t e d m o d e l c o m p o n e n t s may a l s o b e p r o v i d e d . 
The s i m u l a t i o n program i s a d a p t a b l e t o any w a t e r s h e d by u s i n g 
i n p u t p a r a m e t e r s t h a t c o r r e s p o n d t o t h e p h y s i c a l c h a r a c t e r i s t i c s o f t h e 
w a t e r s h e d . I t c a n b e u s e d t o e x t e n d s h o r t s t r e a m f l o w r e c o r d s , o r t o 
c r e a t e d a t a f o r u n g a g e d s t r e a m s . The s i m u l a t i o n c a n b e a d j u s t e d t o show 
t h e e f f e c t s o f u r b a n i z a t i o n , o r t o i n d i c a t e t h e h y d r o l o g i c c h a r a c t e r ­
i s t i c s o f an a r e a a f t e r u r b a n i z a t i o n c h a n g e s t a k e p l a c e . I n a d d i t i o n , 
f l o o d s t a g e s c a n b e s i m u l a t e d f o r u s e i n f l o o d p l a i n m a p p i n g . 
For p u r p o s e s o f u r b a n d r a i n a g e d e s i g n , c o n t i n u o u s h y d r o g r a p h s 
a t c r i t i c a l p o i n t s w i t h i n a c o m p l e x d r a i n a g e s y s t e m c a n be c a l c u l a t e d . 
Wi th p i p e d i a m e t e r and r o u g h n e s s , s u r c h a r g e c o n d i t i o n s and m i x e d c l o s e d 
and o p e n c o n d u i t s c a n b e m o d e l e d . The s i m u l a t i o n programming a u t o m a t ­
i c a l l y a b s t r a c t s maximum f l o w s and c a l c u l a t e d p e a k f l o w f r e q u e n c i e s a t 
any p o i n t i n t h e d r a i n a g e s y s t e m . Urban d e v e l o p m e n t l e v e l s a r e a c c o u n t e d 
f o r t h r o u g h an i m p e r v i o u s a r e a p a r a m e t e r and t h r o u g h c h a n n e l n e t w o r k 
c h a r a c t e r i s t i c s . N o r m a l l y t h e minimum s i z e a r e a t h a t HSP c a n a c c u r a t e l y 
d e a l w i t h i s 3 0 - 4 0 a c r e s , b u t D r . H e y , o f Hydrocomp I n c . , f e e l s t h a t 
t h e m o d e l c o u l d b e t u n e d f o r any s i z e a r e a . S i n c e t h e i m p e r v i o u s p a r a m -
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e t e r g o e s from 0-100 p e r c e n t , any change i n the i m p e r v i o u s a r e a can be 
d e t e c t e d by the m o d e l . Thus , t h e model c o u l d be used t o d e t e c t d i f f e r ­
e n c e s o f r u n o f f a s s m a l l a s one c u b i c f o o t pe r s econd ( c f s ) b u t t he 
a c c u r a c y o f the model wou ld no t be a s good i n d e a l i n g w i t h v e r y s m a l l 
a r e a s a s i t would be on l a r g e a r e a s . The a c c u r a c y o f t h e model w i l l 
a l s o depend on the q u a l i t y o f r a i n f a l l d a t a a v a i l a b l e f o r t he a r e a b e i n g 
s i m u l a t e d . The t ime p e r i o d s f o r w h i c h d a t a i s a v a i l a b l e (1 m i n . , 15 m i n . , 
1 h r . , e t c . ) and the l e n g t h and a c c u r a c y o f t h e r a i n f a l l r e c o r d a r e im­
p o r t a n t c o n s i d e r a t i o n s . 
The f o l l o w i n g s p e c i f i c s o f a p p l y i n g HSP to the Ingham County 
a r e a w e r e r e v e a l e d by the D r a i n C o m m i s s i o n e r . The model was c a l i b r a t e d 
on a l o n g term b a s i s by u s i n g y e a r l y d a t a , t hen mon th ly and d a i l y d a t a 
w e r e u s e d . Hydrocomp then used 10-12 s to rm e v e n t s and v i s u a l l y c h e c k e d 
the s to rm h y d r o g r a p h s o f t h e s e s h o r t term e v e n t s . The model was c a l ­
i b r a t e d on a h y p o t h e t i c a l w a t e r s h e d where a f l o o d f r e q u e n c y d i s t r i b u t i o n 
was g e n e r a t e d . Then the model was used to g e n e r a t e a f l o o d f r e q u e n c y 
d i s t r i b u t i o n f o r the SlOne w a t e r s h e d i n Ingham C o u n t y . The r e s u l t s o f 
t h e s e d i s t r i b u t i o n s showed a 90 p e r c e n t c o r r e l a t i o n b e t w e e n what was 
e x p e c t e d and t h e a c t u a l d i s t r i b u t i o n from the S l o n e w a t e r s h e d . 
The model u s e s 15 m inu te r a i n f a l l d a t a and i n many c a s e s , Hydro ­
comp had 25 y e a r s o f measured d a t a t o u s e i n c a l i b r a t i n g t h e model ( t h e r e 
a r e n i n e r a i n g a g e s i n Ingham County t h a t w e r e used f o r t h i s p r o j e c t ) . 
Hydrocomp a l s o used s e v e r a l d i f f e r e n t c o n f i g u r a t i o n s o f i n d u s t r i a l , 
commerc i a l and r e s i d e n t i a l l a n d u s e s f o r s e n s i t i v i t y t e s t s . E x c e p t 
f o r i n f i l t r a t i o n r a t e , t he p a r a m e t e r s used i n t he model a r e p h y s i c a l l y 
b a s e d ( e . g . , l a n d s l o p e , i m p e r v i o u s a r e a , v e g e t a t i o n c o v e r , e t c . ) . 
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Thus, i t was p o s s i b l e to input e x i s t i n g and proposed p h y s i c a l c h a r a c t e r ­
i s t i c s of Ingham County i n t o the model . 
The Drain Commissioner f e e l s t h a t HSP i s a more a c c u r a t e way of 
p r e d i c t i n g f l o o d f lows than the c u r r e n t l y used r a t i o n a l formula s i n c e 
HSP c o n s i d e r s the e n t i r e h y d r o l o g i c c y c l e i n s t e a d of on ly one or two 
a s p e c t s Of i t . In a d d i t i o n , the e f f e c t s of a n t i c i p a t e d u r b a n i z a t i o n 
can be s t u d i e d through HSP and compar i s ions of a l t e r n a t e dra inage d e s i g n s 
can be made. Once the model i s c a l i b r a t e d and e s t a b l i s h e d f o r Ingham 
County, i t can be used for a l l dra inage d e s i g n s and e v a l u a t i o n s and can 
a l s o be updated to r e f l e c t changes i n the p h y s i c a l c h a r a c t e r i s t i c s of 
the County. 
HSP w i l l a l s o p lay an important par t i n the f l o o d p l a i n s t u d i e s 
i n Ingham County. At the p r e s e n t t ime the l i m i t s of the f l o o d p l a i n 
areas w i t h i n the County are based on the Corps of Engineers Flood 
P l a i n Information S t u d i e s . I t i s exp ec t ed by the Drain Commissioner 
t h a t the HSP model w i l l r e e v a l u a t e t h e s e f l o o d p l a i n l i m i t s as o n - s i t e 
s t o r a g e and o t h e r s t r u c t u r a l measures are comple ted . Thus, the f l o o d 
p l a i n l i m i t s w i l l change i n accordance w i t h the r e s u l t s o b t a i n e d from 
the model . By changing the l i m i t s of the f l o o d p l a i n a r e a s as s t r u c t u r e s 
are b u i l t , some land may be removed from the f l o o d p l a i n r e s t r i c t i o n s 
and can then be used for deve lopment . HSP w i l l a l s o be used to check 
some of the e x i s t i n g f l o o d p l a i n l i m i t s . 
By combining a l l of t h e s e f u n c t i o n s , HSP w i l l be used to o b t a i n 
a comprehensive dra inage p lan for the County. This p lan w i l l be dynamic 
i n na ture i n tha t i t w i l l be c o n t i n u a l l y e v a l u a t e d and updated . This 
w i l l g i v e the Commiss ioner's s t a f f the a b i l i t y to e v a l u a t e a l l proposed 
268 
development and a l so evaluate a l t ernat ive development plans and the 
e f f e c t s of these plans on the County Drainage Program. 
As far as the economics of using HSP i s concerned, the Drain 
Commissioner f e e l s that the e x i s t i n g charges that the developers pay 
the County to review their plans w i l l cover the cost of using HSP to 
evaluate the planned development. The developer w i l l be required to 
submit a s i t e plan of the proposed development and then the Commission­
e r ' s s ta f f w i l l ca lcu late and measure the information needed to use the 
HSP model. The Commissioner w i l l have a computer terminal located in 
his o f f i c e which w i l l be connected to a computer in Stamford, Connecti­
cut, where the model i s located . The model w i l l be continuously up­
dated for use in Ingham County by the Deputy Commissioner. 
Consulting Engineers in Ingham County 
Several interviews were conducted with l o c a l engineering consul t ­
ants to get their views of the County's program. The general opinion 
was that the County's Drainage Program depended a great deal on who held 
the job of Drain Commissioner. Since the Drain Commissioner i s an 
e lec ted p o l i t i c a l o f f i c i a l he doesn't need any background in engineering 
or drainage to get the job , or even an appreciation for the problems 
involved. The consultants agreed that the present Commissioner did have 
a real concern for the loca l drainage problems which was re f l ec ted in 
a sound pract ica l drainage program. 
Since the HSP model was not operative when t h i s study was done, 
the consultants could not comment on i t s use or e f f e c t i v e n e s s . Several 
consultants did s t a t e that they didn't f e e l there was a need for more 
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s o p h i s t i c a t e d h y d r o l o g i c methods than what were p r e s e n t l y used and they 
hoped t h a t HSP would no t add complex i ty and c o s t to the development of 
l a n d . 
The only major complaint t h a t the c o n s u l t a n t s had was t h a t dra inage 
was only one a s p e c t i n the development p r o c e s s and t h a t they had to go 
through s e v e r a l o ther commissions and boards b e f o r e they cou ld deve lop 
t h e i r l a n d . They e x p r e s s e d the d e s i r e to have more c o o r d i n a t i o n b e ­
tween the d i f f e r e n t departments of the l o c a l government. 
Concluding Remarks 
With the use of HSP, Ingham County w i l l have one of the most 
s o p h i s t i c a t e d dra inage programs i n the Country. As the Drain Commis­
s i o n e r s t a t e s , "I b e l i e v e we w i l l be y e a r s ahead of o t h e r c o u n t i e s . 
We are d e v e l o p i n g the s t a t e - o f - t h e - a r t and we can be one of the f i r s t 
to u t i l i z e t h e s e new t e c h n i q u e s . " The- County i s spending over $200 ,000 
t o put the model i n t o p r a c t i c e but f e e l s t h a t t h i s c o s t w i l l be re turned 
to the taxpayer w i t h more e f f i c i e n t dra inage f a c i l i t i e s i n the y e a r s 
ahead. 
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CITY OF TAMPA, FLORIDA 
The C i t y of Tampa i s l o c a t e d a l o n g the west c o a s t of F l o r i d a i n 
H i l l s b o r o u g h County. Fo l lowing i s a g e n e r a l d i s c u s s i o n of the n a t u r a l 
environment of Tampa and H i l l s b o r o u g h County ( 1 ) . Because of some of the 
unique C h a r a c t e r i s t i c s of t h i s a r e a , a more d e t a i l e d d i s c u s s i o n of t h e 
n a t u r a l environment w i l l be g i v e n than was inc luded i n t h e o t h e r c a s e 
studies. 
Climate 
Tampa's c l i m a t e i s s u b t r o p i c a l w i t h l o n g hot summers and s h o r t 
mi ld w i n t e r s . This combinat ion produces a mean annual temperature of 
72 ,2 d e g r e e s F a h r e n h e i t . Although the summers are h o t , thunderstorms 
prevent ex tremely hot t empera tures . The a l l t ime record h igh temperature 
i s 98 d e g r e e s Fahrenhe i t which occurred l a s t on June 26 , 1952 . These 
extremes occur i n l a t e June when the r a i n y s e a s o n i s s low i n b e g i n n i n g . 
The mean w i n t e r temperatures p r e c l u d e a t r o p i c a l c l i m a t e for Tampa. 
Frost occurs a lmost every year and on r a r e o c c a s i o n s , a f r e e z e w i l l 
enve lope t h e a r e a . Tampa's a l l t ime record low temperature , 18 d e g r e e s 
Fahrenhei t occurred i n 1962 . 
Summer thunderstorms accent Tampa's c l i m a t e and are one of i t s 
most unusual weather phenomena. Tampa records a mean of 91 days each 
year w i th a thunderstorm. This i s t h e l a r g e s t r a t e of o c c u r r e n c e i n t h e 
United S t a t e s . Most of the thunderstorms occur during t h e summer r a i n y 
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s e a s o n t h a t u s u a l l y s t a r t s i n mid-June and ex tends through mid-September 
This ra iny s eason produces 60 percent of Tampa's mean annual r a i n f a l l 
r a t e of 4 9 . 2 3 i n c h e s ( 2 ) . A t y p i c a l summer thunderstorm w i l l cause the 
temperature to drop from the low 90' s t o the low 7 0 ' s . 
Hurricanes e x e r t t h e i r i n f l u e n c e on Tampa on t h e average of once 
i n t e n y e a r s . Hurr icanes have brought Tampa's h e a v i e s t 24 hour r a i n f a l l 
( 1 2 . 1 1 i n c h e s ) , h i g h e s t wind speed (SE 75 mph), h i g h e s t t i d e s ( 1 5 . 0 f e e t 
above mean low w a t e r ) , and t h e l o w e s t barometr ic p r e s s u r e ( 2 8 . 1 5 i n c h e s 
of mercury) . Although h u r r i c a n e s can be very d e s t r u c t i v e , they u s u a l l y 
become a s s e t s i n t h a t they r e p l e n i s h the water s u p p l y . 
Topography 
H i l l s b o r o u g h County's topography i s d i v i d e d i n t o two g e n e r a l 
t y p e s , sandy h i l l s and f l a t w o o d s . The sandy h i l l s are remnants o f p r e ­
h i s t o r i c beach r i d g e s and sand dunes; hence today t h e s e h i l l s are very 
sandy and dry. As the name i m p l i e s , t h e s e areas c o n t a i n g e n t l y r o l l i n g 
h i l l s , numerous l a k e s , and v e r y few s t r e a m s . One of the major p h y s i c a l 
f e a t u r e s i s t h a t a lmost a l l r a i n f a l l i s absorbed i n t o the s o i l s , p r a c t i ­
c a l l y e l i m i n a t i n g s u r f a c e runof f . Most of Tampa i s l o c a t e d on sandy 
h i l l s . 
The f l a t w o o d s are p r e h i s t o r i c bay b o t t o m s . They a r e topograph­
i c a l l y f l a t and can u s u a l l y be i d e n t i f i e d by the n a t u r a l v e g e t a t i o n of 
the p ine and pa lmet to f o r e s t . The f l a t w o o d s a r e p e r i o d i c a l l y f l o o d e d , 
c o n t a i n a h igh water t a b l e and have very a c i d s o i l s . Within t h e f l a t -
woods are s c a t t e r e d l a k e s , ponds , c y p r e s s domes and r i v e r swamps. A l ­
though t h e dra inage i s poor , most s treams w i t h i n t h e County are found 
i n t h e f l a t w o o d s . 
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These two r e g i o n a l t y p e s are very g e n e r a l and each Contain e x c e p ­
t i o n s . For example, each are i n t e r l a c e d w i t h swamps. The importance 
of t h e s e r e g i o n s i s t h e i r e f f e c t upon t h e development p a t t e r n of H i l l s ­
borough County and p e n i n s u l a r F l o r i d a . Most v i a b l e c i t i e s and towns i n 
F l o r i d a are l o c a t e d on h igher and d r i e r l a n d , meaning some type of sandy 
h i l l s or r i d g e s . 
Land Forms 
The term "land form" i s a p p l i c a b l e to each of many f e a t u r e s t h a t 
taken t o g e t h e r make up t h e e a r t h ' s s u r f a c e . In H i l l s b o r o u g h County, one 
form predominates — a c o a s t a l p l a i n . Other common land forms are l a k e s , 
h i l l s , r i v e r s , and a s h o r e l i n e . 
The most unusual land forms w i t h i n t h e County f a l l under the 
c a t e g o r y of Karst topography, which encompasses s p r i n g s , c a v e s , s i n k 
h o l e s , n a t u r a l b r i d g e s , and d i s a p p e a r i n g s t r e a m s . Karst forms have 
deve loped over thousands of y e a r s when l i m e s t o n e i s d i s s o l v e d by weak 
amounts of carbonic a c i d found i n r a i n w a t e r . Underground c a v i t i e s 
deve lop through which water f lows and s u r f a c e s as s p r i n g s . I f t h e roof 
of an underground c a v i t y c o l l a p s e s , the r e s u l t a n t land form i s known 
as a s i n k h o l e . If s u f f i c i e n t t ime has p a s s e d , t h e s i n k h o l e w i l l 
become a l a k e or pond known as s o l u t i o n l a k e s . Many l a k e s w i t h i n H i l l s ­
borough County are remnants of p r e h i s t o r i c s i n k h o l e s . I f a stream 
f lows i n t o a s i n k h o l e and d i s a p p e a r s , t h i s land form i s r e f e r r e d to a s 
a d i s a p p e a r i n g s tream. 
Drainage Bas ins 
H i l l s b o r o u g h County 's d r a i n a g e p a t t e r n c o n s i s t s of t h r e e r i v e r s 
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and numerous c r e e k s (F igure E - l ) . The r i v e r s a r e , from the l a r g e s t t o 
the s m a l l e s t , the H i l l s b o r o u g h , the A l a f i a , and the L i t t l e Manatee. 
The H i l l s b o r o u g h River s h a r e s a common source w i t h the With lacoochee 
t h a t o r i g i n a t e s i n t h e Green Swamp (Po lk , Lake, and Pasco C o u n t i e s ) , 
f lows southwest through Tampa and empt ies i n t o the H i l l s b o r o u g h Bay. 
Both the A l a f i a and the L i t t l e Manatee r i s e i n Polk County and f low 
westward i n t o Tampa Bay. Some of the major c r e e k s t h a t f low i n t o the 
bay are B u l l f r o g , Palm R i v e r , Sweetwater , Rocky, and Branch. Other 
l a r g e c r e e k s w i t h i n the County are C y p r e s s , Trout , B lackwater , arid 
Pemberton, each of which f lows i n t o the H i l l s b o r o u g h R i v e r . With minor 
e x c e p t i o n s , a l l s tream b a s i n s d r a i n the f la twood a r e a s . 
Large areas of the County c o n t a i n no s treams f o r d r a i n a g e . These 
a r e a s are the sandy h i l l s where most dra inage i s i n t e r n a l or v e r t i c a l . 
In t h e s e a r e a s o n l y on r a r e o c c a s i o n w i l l the ground become wet enough 
for s u r f a c e runoff t o o c c u r . U s u a l l y , t h e sandy h i l l s have lower water 
t a b l e s than do the f l a t w o o d s . In a r e a s of sandy h i l l s t h a t have a mod­
e r a t e l y h igh water t a b l e , numerous l a k e s w i l l be found. 
Water Resources 
Water r e p r e s e n t s one of t h e County's most va lued r e s o u r c e s . 
Although the County averages approx imate ly 50 i n c h e s of r a i n f a l l a n n u a l l y , 
t h e r e are l i m i t s t o t h e amount of water t h a t can be used w i t h o u t degrading 
the n a t u r a l environment and the q u a l i t y of l i f e . Because t h i s l i m i t has 
been exceeded i n many a r e a s , some a r e a s are e x p e r i e n c i n g such a d v e r s e 
e f f e c t s as s a l t water i n t r u s i o n and depressed water t a b l e s . Severe 
drops i n the water t a b l e occur when the pumping r a t e e x c e e d s the minimum 
P A S C O COUNTY 
MANATEE COUNTY 
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amount o f r a i n f a l l o r t h e r e c h a r g e r a t e . E x t r e m e o v e r p u m p i n g h a s o c ­
c u r r e d i n t h e w e s t e r n p o r t i o n o f P o l k County a s a r e s u l t o f t h e p h o s ­
p h a t e i n d u s t r y ' s o p e r a t i o n s . The r e s u l t i s a l o w e r i n g o f t h e w a t e r 
t a b l e i n e a s t e r n H i l l s b o r o u g h County w h e r e t h e C i t y o f S t . P e t e r s b u r g 
and P i n e l l a s County h a v e e s t a b l i s h e d w e l l f i e l d s . I n t h i s c a s e numerous 
s h a l l o w w a t e r w e l l s and l a k e s h a v e d e p r e s s e d w a t e r t a b l e s . 
The i n i t i a l w a t e r s u p p l y f o r t h e C i t y o f Tampa was from w e l l s 
t a p p i n g t h e s u r f a c e a q u i f e r . B e c a u s e o f s a l t w a t e r i n t r u s i o n and i n ­
c r e a s e d w a t e r demands from a g r o w i n g p o p u l a t i o n , Tampa was f o r c e d t o 
s e e k a d d i t i o n a l w a t e r s o u r c e s . D u r i n g 1 9 2 5 , t h e Tampa w a t e r w o r k s 
b e g a n pumping w a t e r from t h e H i l l s b o r o u g h R i v e r . 
P r e s e n t l y , t h e dam and r e s e r v o i r on t h e H i l l s b o r o u g h R i v e r i s 
i n a d e q u a t e . The s y s t e m pumped 16,265,000,000 g a l l o n s i n 1970 ( 3 ) . 
The r e s e r v o i r was t h e p r i m a r y s o u r c e , b u t d u r i n g t h e s p r i n g m o n t h s , 
when t h e H i l l s b o r o u g h R i v e r f l o w i s a t t h e l o w e s t v o l u m e , S u l p h u r S p r i n g s 
s e r v e s a s an a u x i l i a r y s o u r c e . 
By 1990, t h e H i l l s b o r o u g h County P l a n n i n g C o m m i s s i o n p r o j e c t s 
t h a t m e t r o p o l i t a n Tampa's w a t e r n e e d s w i l l i n c r e a s e by 48.7 p e r c e n t t o 
a p p r o x i m a t e l y 24,000,000,000 g a l l o n s a n n u a l l y ( 4 ) . Tampa i s p l a n n i n g 
t o m e e t t h i s p r o j e c t e d demand by e s t a b l i s h i n g a w e l l f i e l d n o r t h e a s t o f 
t h e C i t y ( i n t h e H i l l s b o r o u g h R i v e r B a s i n ) i n c o n j u n c t i o n w i t h S o u t h w e s t 
F l o r i d a Water Management D i s t r i c t . 
A n o t h e r i m p o r t a n t w a t e r r e s o u r c e i s Tampa B a y . Man i s a t t r a c t e d 
t o t h e s h o r e l i n e f o r h o m e s i t e s and c o m m e r c i a l e s t a b l i s h m e n t s ; h e e n j o y s 
t h e bay a s a p l a c e t o s w i m , s a i l , and f i s h ; and h e u s e s t h e w a t e r s f o r 
commerce and t h e p r o d u c t i o n o f e l e c t r i c p o w e r . I r o n i c a l l y , t h e s h o r e -
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l i n e h a s b e e n a l t e r e d f o r u r b a n d e v e l o p m e n t , d e s t r o y i n g s p a w n i n g g r o u n d s 
f o r f i s h ; t h e C i t y o f Tampa dumps p r i m a r y t r e a t e d s e w a g e e f f l u e n t i n t o 
t h e b a y , d e g r a d i n g swimming , f i s h i n g , and s a i l i n g w a t e r s . P h o s p h a t e s 
and n i t r a t e s a r e dumped i n t o t h e bay w h i c h u l t i m a t e l y c a u s e s o d o r s from 
d y i n g f i s h and v e g e t a t i o n . The p h o s p h a t e s a r e e f f l u e n t f rom t h e l a r g e 
p h o s p h a t e m i n i n g and m a n u f a c t u r i n g i n d u s t r y l o c a t e d i n t h i s a r e a . 
Sewage e f f l u e n t i s a major s o u r c e o f n i t r a t e s . 
A 60 m i l l i o n g a l l o n p e r day a d v a n c e d w a s t e t r e a t m e n t p l a n t i s 
now u n d e r c o n s t r u c t i o n by t h e C i t y o f Tampa w h i c h i s d e s i g n e d t o remove 
90 p e r c e n t of suspended solids, B O D 5 , phosphorus, and n i t r o g e n . 
S o i l s 
S o i l s a r e made o f a c o m b i n a t i o n o f d e c o m p o s e d and d i s i n t e g r a t e d 
r o c k s , w a t e r , a i r , and m i c r o s c o p i c p l a n t s and a n i m a l s . D e s c r i p t i o n s 
o f t h e C o u n t y ' s s o i l s a r e b e s t s e t f o r t h by t h e f o l l o w i n g q u o t a t i o n 
by t h e U n i t e d S t a t e s S o i l C o n s e r v a t i o n S e r v i c e ( 5 ) . 
The s o i l s o f H i l l s b o r o u g h County a r e s i m i l a r i n some c h a r a c t e r ­
i s t i c s and q u a l i t i e s , b u t v a r y g r e a t l y i n o t h e r s . As a c o n s e q u e n c e , 
t h e y h a v e a w i d e r a n g e o f s u i t a b i l i t y f o r a g r i c u l t u r a l u s e . I n 
g e n e r a l , t h e y a r e n e a r l y l e v e l o r g e n t l y s l o p i n g , a c i d , v e r y s a n d y , 
v e r y p e r m e a b l e , l o w i n c l a y , l o w i n o r g a n i c m a t t e r , and l o w i n 
p l a n t n u t r i e n t s . T h e i r n a t u r a l d r a i n a g e , h o w e v e r , r a n g e s from v e r y 
p o o r t o e x c e s s i v e . Some a r e u n d e r l a i n by c a l c a r e o u s m a t e r i a l s , and 
some h a v e l o o s e a c i d s a n d t o a d e p t h o f s e v e r a l f e e t . A p p r o x i m a t e l y 
1 7 6 , 0 0 0 a c r e s o f s o l i d s h a v e a b r o w n - s t a i n e d pan a t d e p t h s o f 14 t o 
42 i n c h e s , w h e r e a s o t h e r s o l i d s a r e e n t i r e l y f r e e o f t h i s l a y e r . 
Major F l o o d i n g 
T h e r e i s v e r y l i t t l e i n f o r m a t i o n a v a i l a b l e a b o u t t h e f l o o d s t h a t 
h a v e o c c u r r e d i n t h e Tampa a r e a . The maximum known f l o o d o n t h e H i l l s ­
b o r o u g h R i v e r i n t h e v i c i n i t y o f Tampa o c c u r r e d i n S e p t e m b e r 1 9 3 3 . The 
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s e c o n d h i g h e s t f l o o d was t h a t o f March I 9 6 0 , t h e g r e a t e s t o f t h r e e 
d a m a g i n g f l o o d s i n 1 9 6 0 . To g i v e some i d e a o f t h e s e v e r i t y o f t h e s e 
f l o o d s , t h e U . S . G e o l o g i c a l S u r v e y h a s e s t i m a t e d from t h e i r g a g e o n t h e 
H i l l s b o r o u g h R i v e r t h a t a f l o o d w i t h a r e t u r n p e r i o d o f n i n e y e a r s 
w o u l d h a v e a 1 4 . 2 f o o t s t a g e on t h e H i l l s b o r o u g h R i v e r . The S e p t e m b e r 
1 9 3 3 f l o o d had a s t a g e o f a p p r o x i m a t e l y 1 9 . 5 f e e t w h i l e t h e s t a g e o f 
t h e March i 9 6 0 f l o o d was 1 6 . 5 f e e t . 
T h e r e i s no i n f o r m a t i o n c o n c e r n i n g t h e damage c a u s e d by t h e s e 
f l o o d s o r t h e p o s s i b l e damage t h a t m i g h t r e s u l t from a m a j o r f l o o d w i t h 
a r e t u r n p e r i o d of 50 o r 1 0 0 y e a r s . The U . S . C o rp s o f E n g i n e e r s i s 
p r e s e n t l y w o r k i n g t o e s t a b l i s h t h e 1 0 0 - y e a r f l o o d p l a i n o n F l o o d P l a i n 
Maps o f t h e C i t y . I t i s a n t i c i p a t e d t h a t t h e s e maps w i l l b e a v a i l a b l e 
i n t h e mid 1 9 7 0 ' s . I t was e s t i m a t e d by t h e C i t y p e r s o n n e l t h a t a 
c o n s i d e r a b l e amount of e x i s t i n g d e v e l o p m e n t i s w i t h i n t h e 1 0 0 - y e a r 
f l o o d p l a i n . T h e r e i s a l s o some p r o p o s e d d e v e l o p m e n t t h a t w i l l p r o b a b l y 
be w i t h i n t h e 1 0 0 - y e a r f l o o d p l a i n . 
C i t y o f Tampa's D r a i n a g e Program 
F o l l o w i n g i s a b r i e f d i s c u s s i o n o f t h e more i m p o r t a n t a s p e c t s 
o f t h e C i t y o f Tampa's D r a i n a g e P r o g r a m . 
G o a l s and Obj e c t i v e s 
The p u b l i c w o r k s p e r s o n n e l r e p o r t e d t h a t no s p e c i f i c g o a l s o r 
o b j e c t i v e s h a v e b e e n f o r m u l a t e d f o r t h e i r d r a i n a g e p r o g r a m . They d i d 
s t a t e t h a t t h e i r m a j o r g o a l was t h a t t h e e n t i r e C i t y s h o u l d h a v e a 
d r a i n a g e s y s t e m t o p r o t e c t e v e r y o n e a g a i n s t damage from a s t o r m w i t h 
a 5 - y e a r r e t u r n p e r i o d . 
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C i t y o f Tampa's R e g u l a t i o n s P e r t a i n i n g t o D r a i n a g e 
F o l l o w i n g i s a b r i e f d i s c u s s i o n o f t h e C i t y o f Tampa's r e g u l a t i o n s 
p e r t a i n i n g t o d r a i n a g e . 
1. S e c t i o n o f t h e g e n e r a l z o n i n g o r d i n a n c e e n t i t l e d , " G r a d i n g , 
F i l l i n g , E x c a v a t i o n a n d / o r Removal o f S o i l and E a r t h P r o d u c t s , 
P e r m i t and Bond R e q u i r e d , e t c . " - T h i s s e c t i o n o f t h e z o n i n g 
o r d i n a n c e i s c o n c e r n e d w i t h r e g u l a t i n g d e v e l o p m e n t s o t h a t i t 
w i l l n o t a f f e c t s u r f a c e d r a i n a g e s o a s t o damage s u r r o u n d i n g 
a r e a s . 
2. Z o n i n g o r d i n a n c e e n t i t l e d , " S i t e D r a i n a g e and G r a d i n g P l a n s " -
T h i s o r d i n a n c e g i v e s t h e c o n d i t i o n s u n d e r w h i c h s i t e d r a i n a g e 
and g r a d i n g p l a n s a r e r e q u i r e d and t h e s p e c i f i c i t e m s w h i c h 
s h o u l d b e i n c l u d e d i n s u c h p l a n s ( i n c l u d i n g a p p r o p r i a t e 
c a l c u l a t i o n s ) . 
3. S e v e r a l s e c t i o n s o f Tampa' s S u b d i v i s i o n R e g u l a t i o n s w h i c h 
r e l a t e t o d r a i n a g e - T h e s e r e g u l a t i o n s a r e p r i m a r i l y c o n ­
c e r n e d w i t h t h e d e t a i l s o f p r e p a r i n g and s u b m i t t i n g d r a i n a g e 
and s i t e p l a n s . 
4. C i t y o f Tampa' s D e p a r t m e n t o f P u b l i c Works recommended d e s i g n 
c r i t e r i a f o r r e t e n t i o n b a s i n d e s i g n - T h e s e d e s i g n c r i t e r i a { 
g i v e t h e s p e c i f i c d e t a i l s o f r e t e n t i o n b a s i n d e s i g n ( s i z e o f 
b a s i n , b o t t o m and s i d e s l o p e s , i n l e t - o u t l e t d e s i g n , l a n d ­
s c a p i n g , e t c . ) . 
5 . A p r o p o s e d new s e c t i o n t o t h e C i t y o f Tampa' s Z o n i n g O r d i n a n c e 
e n t i l t e d , " R e g u l a t i o n o f F l o o d - P r o n e A r e a s " - T h i s s e c t i o n 
o f t h e z o n i n g o r d i n a n c e w o u l d r e g u l a t e t h e d e v e l o p m e n t s 
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l o c a t e d w i t h i n t h e 1 0 0 - y e a r f l o o d p l a i n a s d e t e r m i n e d by t h e 
C i t y . T h i s s e c t i o n a l s o d e a l s w i t h f i l l s i n t h e f l o o d p l a i n 
a r e a , f l o o d - p r o o f i n g m e a s u r e s , p l a n s r e q u i r e d , v a r i a n c e s , 
and a p p e a l s . , 
C i t y o f Tampa's Storm Water R e t e n t i o n Program 
I n 1 9 6 9 t h e C i t y o f Tampa's P u b l i c Works D e p a r t m e n t d i d a s t u d y 
o f t h e e n t i r e C i t y and s e l e c t e d a r e a s f o r p o s s i b l e r e t e n t i o n s i t e s . 
T h e s e s i t e s w e r e t h e n d e l i n e a t e d on m a p s . T h e s e maps a r e u s e d b o t h 
t o i n f o r m t h e e n g i n e e r s w h e r e t h e b e s t r e t e n t i o n s i t e s a r e and t o i n ­
form t h e p u b l i c w h i c h l a n d w i l l p r o b a b l y b e u s e d f o r r e t e n t i o n s i t e s . 
A f t e r t h e s i t e s a r e s e l e c t e d , t h e r e t e n t i o n b a s i n s a r e d e s i g n e d and 
t h e n t h e C i t y p u r c h a s e s t h e n e e d e d l a n d f o r t h e s e b a s i n s . 
The c o s t o f t h e s e r e t e n t i o n b a s i n s i s d i s t r i b u t e d o n a c o s t 
s h a r i n g b a s i s t o t h e d e v e l o p e r s i n v o l v e d ( t h o s e w h o s e d e v e l o p m e n t 
c a u s e s t h e i n c r e a s e d r u n o f f ) . A d e v e l o p e r c o n t r i b u t e s a c c o r d i n g t o 
t h e amount o f r u n o f f from h i s d e v e l o p m e n t c a l c u l a t e d a s a p e r c e n t a g e 
o f t h e t o t a l r u n o f f t o t h e r e t e n t i o n b a s i n . T h i s c o s t s h a r i n g s y s t e m 
i s now Only o n a v o l u n t a r y b a s i s b u t t h e C i t y p e r s o n n e l r e p o r t no m a j o r 
p r o b l e m s i n o b t a i n i n g t h e f u n d s f rom t h e d e v e l o p e r s . 
R e t e n t i o n b a s i n s a r e n o t r e q u i r e d f o r e v e r y d e v e l o p m e n t b u t 
o n l y o n a c a s e - b y - c a s e b a s i s . The P u b l i c Works D e p a r t m e n t d e t e r m i n e s 
w h e t h e r a d e v e l o p m e n t w i l l n e e d r e t e n t i o n o r n o t . U s u a l l y t h i s d e t e r ­
m i n a t i o n i s b a s e d on t h e c a p a c i t y o f t h e e x i s t i n g s t o r m s e w e r s y s t e m . 
The C i t y o f Tampa h a s d o n e some e c o n o m i c a n a l y s i s o f e x i s t i n g and 
p r o p o s e d r e t e n t i o n b a s i n s and t h e i r r e s u l t s show a b o u t a 20 p e r c e n t 
s a v i n g by u s i n g r e t e n t i o n b a s i n s r a t h e r t h a n i n c r e a s i n g t h e c a p a c i t y 
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o f t h e s e w e r s y s t e m t o a c a p a c i t y t h a t w o u l d h a n d l e t h e i n c r e a s e d r u n ­
o f f . R e t e n t i o n b a s i n s t h a t h a v e b e e n b u i l t a r e l o c a t e d w i t h i n a r e a s 
o f t h e C i t y w h e r e t h e p r i c e o f l a n d i s r e l a t i v e l y l o w . : 
I n o r d e r t o g a i n p u b l i c a c c e p t a n c e o f t h e u s e o f r e t e n t i o n j 
b a s i n s , t h e C i t y h a s f o u n d t h a t p r o p e r l a n d s c a p i n g i s a n i m p o r t a n t j 
i 
e l e m e n t i n t h e i r d e s i g n . The C i t y now s p e n d s a c o n s i d e r a b l e amount 
o f money f o r l a n d s c a p i n g t h e s e a r e a s . 
H y d r o l o g i c S t u d i e s j 
A h y d r o l o g i c s t u d y i s r e q u i r e d f o r e v e r y d e v e l o p m e n t w i t h i n t h e 
C i t y . The P u b l i c Works D e p a r t m e n t h a s r e c e n t l y p r o p o s e d t h a t s m a l l 
d e v e l o p m e n t s ( 1 / 2 a c r e o r l e s s ) be e x e m p t from t h i s r e q u i r e m e n t . 
A l l o f t h e h y d r o l o g i c s t u d i e s c o m p l e t e d t o d a t e h a v e b e e n b a s e d 
on t h e r a t i o n a l m e t h o d . The l a r g e s t d e v e l o p m e n t w h e r e t h e r a t i o n a l 
m e t h o d was u s e d i s a p p r o x i m a t e l y 5 0 0 a c r e s . The C i t y p e r s o n n e l e x ­
p r e s s e d t h e o p i n i o n t h a t s i n c e t h e y a r e w o r k i n g i n a n u r b a n a r e a w h e r e 
t h e d e v e l o p m e n t s a r e a l m o s t a l w a y s s e r v i c e d by s t o r m s e w e r s , t h e 
r a t i o n a l method i s s a t i s f a c t o r y and t h e y a r e n o t a n t i c i p a t i n g t h e u s e 
o f any o t h e r m e t h o d s i n t h e n e a r f u t u r e . 
The C i t y u s e s a h y d r o l o g i c m e t h o d f o r r e t e n t i o n d e s i g n c a l l e d 
t h e Method o f I n s t a n t a n e o u s R u n o f f . E s s e n t i a l l y t h i s i s t h e same m e t h o d 
t h a t DeKalb C o u n t y , G e o r g i a i s now u s i n g w h i c h i s b a s e d o n t h e r a t i o n a l 
m e t h o d . The C i t y p e r s o n n e l s t a t e d t h a t t h i s m e t h o d h a s b e e n u s e d f o r 
r e t e n t i o n d e s i g n by t h e S t a t e o f F l o r i d a f o r 1 0 - 15 y e a r s and t h e 
method i s w i d e l y a c c e p t e d by l o c a l c o u n t i e s and c i t i e s . 
F l o o d P l a i n s 
At t h e p r e s e n t t i m e , t h e C i t y d o e s n o t h a v e maps s h o w i n g t h e 
: : ] 
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limits of the J00-year flood but these maps are being prepared and 
should be available in the mid 1970's. The City does have maps showing 
the areas inundated by the peak recorded floods. Much of this infor­
mation is based on the 1960 flood, the last severe flood in the Tampa 
area. The City has not adopted any general restrictions on development 
in flood plain areas but has handled development on a case-by-case 
basis. The City personnel reported there is still development being 
proposed and built in flood plain areas. 
Maintenance 
T h e C i t y m a i n t a i n s o n l y t h e d r a i n a g e n e t w o r k w i t h i n t h e i r r i g h t -
of-way and drainage easements that have been accepted for maintenance. 
Those drainage works located on State property are maintained by the 
State. Where drainage works are located on private land, the mainte­
nance responsibility is left up to the owners of the property; however 
there are numerous old drainage ditches where public easements have 
not been granted or acquired and these are maintained by the City. 
The City used to require small retention basins to handle the runoff 
from single developments but found these became maintenance problems 
and that larger basins were better. The City has also found that basins 
without outlets have not functioned as efficiently as they were designed 
because of fine sediments filling the voids in the soil and reducing 
the percolation rate. 
Role of the Planning Department 
The Public Works Department drafted the ordinances dealing with 
drainage while the Planning Department has functioned as a reviewing 
agency. The Planning Department has been more interested in the 
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b r o a d e r a s p e c t s o f p l a n n i n g t h a n i n d e a l i n g w i t h t h e C i t y ' s d r a i n a g e 
p r o b l e m s . 
Major Changes i n t h e D r a i n a g e Program 
The major c h a n g e t h a t h a s o c c u r r e d i n t h e C i t y o f Tampa's 
D r a i n a g e Program i s f rom a p h i l o s o p h y o f g e t t i n g t h e w a t e r o f f t h e 
l a n d a s q u i c k l y a s p o s s i b l e t o o n e o f r e t a i n i n g t h e w a t e r i n r e t e n t i o n 
b a s i n s . 
D r a i n a g e S e c t i o n o f t h e P u b l i c Works D e p a r t m e n t 
In t h e D r a i n a g e D e p a r t m e n t t h e r e a r e f i v e g r a d u a t e e n g i n e e r s . 
The d e p a r t m e n t p e r s o n n e l s t a t e d t h a t t h e y h a v e t i m e o n l y f o r t h e d a y -
t o - d a y work and t h u s do v e r y l i t t l e p l a n n i n g r e l a t e d w o r k . I n a d d i t i o n 
t o new c o n s t r u c t i o n , t h e d e p a r t m e n t r e c e i v e s a b o u t 8 - 10 new d r a i n a g e 
c o m p l a i n t s per m o n t h . The d e p a r t m e n t now h a s a b o u t 120 c u r r e n t d r a i n a g e 
p r o b l e m s w h i c h n e e d t h e i n s t a l l a t i o n o f s t o r m s e w e r s . 
C o n c l u d i n g Remarks 
A l t h o u g h Tampa h a s a v e r y d i f f e r e n t c l i m a t e and t o p o g r a p h y 
compared t o t h e o t h e r a r e a s s t u d i e d , t h e i r a p p r o a c h t o d r a i n a g e and 
f l o o d c o n t r o l i s q u i t e s i m i l a r . Tampa's u s e of s t o r a g e f a c i l i t i e s , 
d e l i n e a t i o n o f f l o o d p l a i n a r e a s , and e r o s i o n and s e d i m e n t c o n t r o l 
r e g u l a t i o n s a r e s i m i l a r t o many o f t h e a r e a s s t u d i e d . The m a i n d i f f e r ­
e n c e i n Tampa's r e g u l a t i o n s i s t h e i n c l u s i o n o f a l a r g e amount o f 
d e t a i l c o n c e r n i n g f l o o d - p r o o f i n g and r e t e n t i o n b a s i n d e s i g n w h i c h w a s 
n o t i n c l u d e d i n t h e o t h e r o r d i n a n c e s s t u d i e d . 
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